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ABSTRACT
The i n v e s t i g a t i o n  w as d e s ig n e d  t o  exam ine some o f  th e  f a c t o r s  
in v o lv e d  i n  s o c i a l  e n tr a in m e n t  o f  c i r c a d i a n  rh y th m s ; s p e c i f i c a l l y ,  
w h e th e r  o r  n o t ,  i n  c o n tin u o u s  l i g h t ,  a  s u b o r d in a te  monkey w ould  
r e v e r s e  i t s  c i r c a d i a n  c y c le  t o  c o rre s p o n d  to  a  dom inan t a n im a l 's  c y c le .
The a n im a ls  w hich  w ere  e x p e c te d  t o  be dom inan t and s u b o r d in a te  
w ere e n t r a in e d  t o  in v e r s e  p h o to p e r io d s ,  and th e n  p la c e d  t o g e t h e r  on 
c o n tin u o u s  l i g h t .  A c t i v i t y ,  food  i n t a k e ,  and w a te r  i n ta k e  w ere  m ea­
s u re d  f o r  5 d a y s .  I n  th e  f i r s t  e x p e r im e n t ,  5 p a i r s  o f  r h e s u s  i n f a n t s ,  
e a c h  p a i r  in c lu d in g  a  m ale  and  a f e m a le , o f  a p p ro x im a te ly  t h e  same age 
w ere u s e d .  I n  E x p e rim en t 2 ,  6 p a i r s  o f  rh e s u s  i n f a n t s ,  w i th  one 
a n im a l i n  e a c h  p a i r  a p p ro x im a te ly  6 m onths o ld e r  th a n  th e  o t h e r ,  w ere 
u s e d . I n  E x p erim en t 3 , 4 p a i r s  o f  J a v a  m onkeys, e a c h  p a i r  i n c lu d in g  
1 m ale  and  1 fe m a le , w ere u s e d .
I n  e a c h  o f  th e  e x p e r im e n ts ,  th e  d i f f e r e n t  g ro u p s  d id  n o t  com­
p l e t e l y  s y n c h ro n iz e  t h e i r  rh y th m ic  p a t t e r n s .  The a n im a ls ,  e x c e p t  th e  
fe m a le s  i n  E x p e rim en t 1 , e x h ib i t e d  u n c h a r a c t e r i s t i c  1 2 -h r .  a c t i v i t y  
p a t t e r n s .  I t  was c o n c lu d e d  t h a t  e a c h  a n im a l m a in ta in e d  i t s  endogenous 
p a t t e r n  and a l s o  a d o p te d  an  exogenous p a t t e r n  w h ich  c o in c id e d  w i th  
t h a t  o f  th e  o th e r  a n im a ls . I n  t h e  t h i r d  e x p e r im e n t , w here th e  
dom inance o r d e r  was w e l l  e s t a b l i s h e d ,  th e  m a jo r  p eak  o f  a c t i v i t y  
c o in c id e d  w i th  th e  d om inan t m a le s ' c y c le .
A lth o u g h  th e  s e r i e s  o f  e x p e r im e n ts  s u g g e s te d  th e  p o s s i b i l i t y  o f
v i
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s o c i a l  e n t r a in m e n t ,  o n ly  when th e  dom inance o r d e r  was c l e a r l y  e s t a b ­
l i s h e d  d id  th e  s u b o rd in a te  a n im a ls  ch ange  t h e i r  c y c le s  t o  c o in c id e  
w i th  th e  c y c le  o f  th e  dom inan t a n im a ls .
v i i
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INTRODUCTION
D iu r n a l  p e r i o d i c i t y ,  o r  m ore g e n e r a l l y  c i r c a d i a n  rhy thm , i s  
one o f  t h e  m o st p e r v a s iv e  phenomena i n  b i o l o g i c a l  sy s te m s . I t  a p p e a r s  
a s  a  dom inan t f e a t u r e  th ro u g h o u t th e  p h y lo g e n e t ic  s c a l e  from  u n i ­
c e l l u l a r  E u g le n a  and Param ecium  th ro u g h  m u l t i c e l l u l a r  p l a n t s ,  i n s e c t s ,  
r e p t i l e s ,  b i r d s ,  and  mammals. The te rm  " c i r c a d i a n  rhythm " was i n t r o ­
duced  by H a lb e rg  (1958 ) and d e f in e s  b i o l o g i c a l  rhy thm s a p p ro x im a te ly  
tw e n ty - f o u r  h o u r s  lo n g . In  g e n e r a l ,  t h e  b a s i c  p e r io d  le n g th  o f  th e  
fu n d a m e n ta l rh y th m s rem a in s  s u r p r i s i n g l y  c o n s t a n t ,  b u t  changes i n  th e  
e n v iro n m e n t c a n  c a u se  rhythm  d e s y n c h r o n iz a t io n .  F o r exam p le , a d i s ­
tu rb a n c e  i n  l i g h t  c y c le s  o r  a  te m p e ra tu re  f l u c t u a t i o n  m igh t be 
e x p e c te d  t o  e x e r t  an  in f lu e n c e  on th e  b e h a v io r  o f  an  o rg an ism .
C i r c a d ia n  rh y th m s may be e x o g en o u s, o r  e n t r a in e d  by some e x t e r n a l  a g e n t  
i n  th e  e n v iro n m e n t;  and th e y  may be e n d o g e n o u s , o r  i n t e r n a l l y  d e t e r ­
m in e d . T h e re  i s  a  g r e a t  d e a l  o f  c o n t r o v e r s y  i n  th e  l i t e r a t u r e  a b o u t 
w h ic h  o f  t h e s e  a g e n ts  i s  a c t u a l l y  th e  e n t r a i n i n g  v a r i a b l e .  I t  i s  
q u i t e  p o s s i b l e  t h a t  endogenous and e x o g en o u s  sy s te m s  a c t  t o g e th e r  a s  
s t i m u l i  f o r  t h e  c y c l i c  v a r i a t i o n s .
A lth o u g h  r e s e a r c h e r s  i n  l i f e  s c i e n c e s  have  found rh y th m ic  
v a r i a b l e s  t o  be  im p o r ta n t  f a c t o r s  i n  a lm o s t  e v e ry  a s p e c t  o f  b i o l o g i c a l  
l i f e ,  i t  i s  s u r p r i s i n g  t o  f in d  how l i t t l e  w ork h a s  been  done w ith  th e  
p r im a te ,  and i n  p a r t i c u l a r ,  th e  nonhuman p r im a te .  F o r exam p le , th e  
c l a s s i c a l  C old  S p r in g  H arbor Symposium on B i o l o g ic a l  C locks c o n ta in s
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249 p a p e rs  by 52 a u t h o r s ,  b u t  c o n ta in s  no  r e f e r e n c e s  to  b i o lo g i c a l  
rhy thm s i n  th e  subhuman p r im a te  (R o h le s , 1 9 6 9 ) . The s h o r ta g e  o f  
r e s e a r c h  i s  e s p e c i a l l y  s u r p r i s i n g  i n  v iew  o f  th e  d e s y n c h r o n iz a t io n  o f  
rhy thm s w hich  c h a r a c t e r i z e s  c o n t i n e n ta l  t r a v e l e r s ,  a s t r o n a u t s ,  and 
th o s e  i n d iv i d u a l s  w o rk in g  i n  t r a n s p o r t a t i o n ,  i n d u s t r y ,  and n u r s in g  who 
r e p e a te d ly  and d r a s t i c a l l y  change t h e i r  r e s t  and  a c t i v i t y  r o u t in e s  a s  
w e l l  a s  t h e i r  s le e p - a n d  w a k e fu ln e s s  c y c l e s .  A l l  o f  them  may be su b ­
j e c t  t o  v a ry in g  d e g re e s  o f  t r a n s i e n t  o r  m ore c h r o n ic  d e s y n c h r o n iz a t io n  
w hich  may be m odeled  and docum ented i n  nonhuman p r im a te s  (H a lb e rg ,
1 9 6 9 ) . T h u s, t h e r e  i s  a  n eed  f o r  in f o r m a t io n  c o n c e rn in g  nonhuman 
p r im a te  rhy thm s and  th e  e f f e c t s  o f  t h e i r  d e s y n c h r o n iz a t io n .
E s ta b l i s h e d  C ir c a d ia n  Rhythms
S e v e ra l  c i r c a d i a n  rhy thm s have b e e n  e s t a b l i s h e d  in  t h e  non­
human p r im a te .  Of t h e s e ,  th e  te m p e ra tu re  rh y th m s have been  s tu d ie d  
m ost e x t e n s i v e l y  i n  v a r io u s  p r im a te s ,  and  a  g r e a t  d e a l  o f  ag reem en t 
i n  body te m p e ra tu re  p h a se s  h a s  been  shown b e tw e en  nonhuman and human 
p r im a te s  (H a lb e rg , 1 9 6 9 ).
M o rr is o n  an d  M id d le to n  (1 9 6 7 ), i n  a  s tu d y  o f  th e  pigmy m arm o se t, 
w ere i n t e r e s t e d  i n  th e  m e ta b o lic  and th e rm a l  r e s p o n s e s  t o  m o d era te  
h e a t  and c o ld .  W ith  a  12 h o u r l i g h t - d a r k  c y c le  m a in ta in e d  th ro u g h o u t 
th e  s tu d y ,  t e m p e ra tu re  was found  to  be h ig h e s t  d u r in g  th e  l i g h t  p e r io d .  
I n  a n o th e r  s tu d y  (W in g e t, C a rd , and H e th e r in g to n ,  1 9 6 8 ), a  cebus 
m onkey was m a in ta in e d  i n  a sound p ro o f  a i r - c o n t r o l l e d  cham ber. H e a r t  
r a t e  and deep  body te m p e ra tu re  seemed t o  have  c i r c a d i a n  rhy thm s w ith  
maximum a m p li tu d e s  d u r in g  th e  l i g h t  p h ase  and  minimum a m p litu d e s  d u r in g
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3th e  d a rk  p h a s e .  T hese  rhy thm s p e r s i s t e d  f o r  a t  l e a s t  30 days u n d e r 
c o n s ta n t  c o n d i t i o n s .  The d iu r n a l  te m p e ra tu re  rhy thm  o f  baboons h a s  th e  
same p a t t e r n  w i th  te m p e ra tu re s  in c r e a s in g  d u r in g  th e  day  and d e c re a s in g  
a t  n i g h t .  R e v e r s a l s  i n  th e  te m p e ra tu re s  b e g a n  j u s t  p r i o r  to  th e  
l i g h t i n g  ch a n g es  ( S u d s te in ,  1 9 6 9 ).
under normal conditions with the highest temperature in early afternoon 
and the lowest temperature at 10 p.m. (Erickson, 1 9 6 0 ). Ternes and 
Farrer (1 9 6 6 ) , using an isolation cubicle, a restraint chair, and sub­
c u ta n e o u s  te m p e ra tu re  measurement, found a  similar cycle when their 
animal was on a 12L:12D lighting schedule. Using the Java monkey,
Bush, Rohles, Reynolds, and Koestler (1963 ) established the existence 
of a diurnal skin temperature cycle on a controlled work-rest schedule, 
thus demonstrating a relationship between bar-pressing rate and skin 
temperature. Their statistical analysis revealed that daily varia­
tions in skin temperature and response rate existed concurrently.
T hese d i u r n a l  te m p e ra tu re  v a r i a t i o n s  have b e e n  r e p l i c a t e d  u s in g  M. 
n e m e s t r in a ,  a l th o u g h  a 2 3 -h o u r p e r i o d i c i t y  i n s t e a d  o f  a 2 4 -h o u r one 
was e s t a b l i s h e d  (L e v e re , 1 9 6 7 a ). A s i m i l a r  2 3 -h o u r  p e r i o d i c i t y  f o r  
t h i s  s p e c ie s  w as d e m o n s tra te d  by Sm ith  and  W e k s te in  (1 9 6 9 ). U sing  th e  
same s p e c i e s ,  W in g e t, R ahlm ann, and P ace (1 9 6 9 ) found t h a t  o v e r a 12- 
m onth p e r io d  t h e  minimum deep -b o d y  te m p e ra tu re  was re a c h e d  a p p ro x i ­
m a te ly  s ix  h o u r s  a f t e r  th e  l i g h t s  w ere tu r n e d  o f f ;  th e  maximum, fo u r  
h o u rs  a f t e r  th e  l i g h t s  w ere tu rn e d  on . The d a ta  i n d ic a te d  a n t i c i p a ­
t i o n  o f  th e  l i g h t s  b e in g  tu rn e d  on and o f f .  T h e re  was l i t t l e
s im i l a r  d i u r n a l  te m p e ra tu re  v a r i a t i o n
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4v a r i a t i o n  from  d a y  t o  d ay  o r  from  m onth t o  m o n th , a n d  e n tr a in m e n t  t o  
a 12L:12D c y c le  was a p p a r e n t .
M o rr iso n  (1962 ) found  a p eak  i n  ch im panzee  te m p e ra tu re  a t  
1500 , w h i le  R o h le s ,  R e y n o ld s , and Brown (1 9 6 3 ) found  p eak s  i n  th e  
p e r io d  from  1600 t o  2 3 0 0 . H ow ever, i n  t h e  fo rm e r ,  th e  a n im a ls  w ere 
zoo h o u s e d , w h ile  i n  th e  l a t t e r ,  th e  a n im a l  was r e s t r a i n e d  i n  a n  i s o ­
l a t e d  e n v iro n m e n t. T h is  m ig h t e x p la in  t h e  d i s c r e p a n c y  be tw een  th e  two 
a n im a ls .
A long w i th  d e e p -b o d y  and s u b c u ta n e o u s  te m p e r a tu r e ,  H am ilto n  
(1963) found d i s t i n c t  d i u r n a l  v a r i a t i o n s  i n  th e  te m p e ra tu re  o f  th e  
h y p o th a la m u s . H e a r t  r a t e  a l s o  h a s  th e  same d i u r n a l  v a r i a t i o n  a s  does 
te m p e ra tu re  (L e v e re , 1967b; T e rn e s ,  F a r r e r ,  and  D e a v o u rs , 1 9 6 7 ) . I n  
a d d i t i o n ,  d i u r n a l  te m p e ra tu re  v a r i a t i o n  h a s  b een  found  t o  be a  v a l u ­
a b le  a d d i t i o n  a s  a n  i n d i r e c t  in d e x  o f  o v a r i a n  f u n c t i o n  i n  th e  rh e s u s  
monkey when th e  a n im a ls  w ere m a in ta in e d  on a 16L:14D c y c le  (E r ic k s o n , 
1 9 6 0 ).
A lth o u g h  te m p e ra tu re  rhy thm s h av e  b een  th o s e  m ost commonly 
s tu d ie d  i n  t h e  nonhuman p r im a te ,  o th e r  c i r c a d i a n  c y c le s  have been  
o b s e rv e d . I n c lu d e d  i s  t h e  v a r i a t i o n  o f  d i f f e r e n t  i n t e r n a l  s e c r e t i o n s .  
F o r e x a m p le , M igeon , F re n c h , and S am uels (1 9 5 5 ) fo und  s t e r o i d  l e v e l s  
a r e  h ig h e s t  a f t e r  a  n i g h t  o f  s le e p  and d e c l i n e  d u r in g  d a y tim e  w aking 
a c t i v i t i e s ,  w i th  2 4 -h o u r  p e r io d s  b e in g  show n. I n  a  s im i l a r  s tu d y  
u s in g  i n f a n t  m onkeys s e p a r a te d  from  t h e i r  m o th e rs  a t  b i r t h ,  s t e r o i d  
l e v e l s  (p lasm a 1 7 - h y d r o x y c o r t i c o s t e r o id s )  w ere  a l s o  found  t o  be 
h ig h e s t  i n  th e  m orn ing  and  th e n  t o  d e c r e a s e  w i th  a low a t  m id n ig h t
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5(Bowman, W o lf , and  S a c k e t t ,  1 9 7 0 ) . M igeon , an d  c o w o rk e rs , fo u n d  t h a t  
th e  lo w e s t  s t e r o i d  l e v e l  was 59% o f  th e  h ig h e s t  s t e r l o d  l e v e l  i n  a d u l t s ,  
and Bowman, and c e w o rk e r s ,  fo u n d  a d i f f e r e n c e  o f  41% b e tw e en  th e  lo w e s t 
and h ig h e s t  s t e r o i d  l e v e l  i n  i n f a n t s ,  s u g g e s t in g  t h a t  t h e  i n f a n t s  e x ­
h i b i t e d  a l e s s  p ro n o u n ce d  c i r c a d i a n  s e c r e t i o n  o f  17-0HCS.
T w e n ty -fo u r  h o u r  rhy thm s have a l s o  b e e n  found  i n  p i n e a l  5 -  
h y d ro x y trp ta m in e  and  h y d ro x y in d o le -O -m e th y l t r a n s f e r a s e  a c t i v i t y  in  th e  
macaque (Q uay, 1 9 6 6 ) . HIOMT a c t i v i t y  was g r e a t e s t  a t  n ig h t  and  s i g ­
n i f i c a n t l y  low er i n  t h e  d a i l y  l i g h t  p e r io d ,  w h i le  p in e a l  5-HT in c r e a s e d  
d u r in g  th e  d a i l y  l i g h t  p e r io d  t o  a p eak  j u s t  b e fo r e  th e  d a i l y  p e r io d  
o f  d a r k n e s s .  The a b r u p t  f a l l  i n  th e  m a c a q u e 's  p in e a l  5-HT c o n te n t  
fo llo w in g  th e  s t a r t  o f  th e  d a i l y  d a rk  p e r io d  s u g g e s te d  t o  Quay " th e  
d e s i r a b i l i t y  o f  e x p e r im e n ts  t e s t i n g  th e  r o l e s  o f  e n v iro n m e n ta l  i l l u m i n a ­
t i o n  and  th e  p i n e a l ' s  s y m p a th e tic  i n n e r v a t i o n  i n  th e  t r i g g e r i n g  and  
m e d ia tio n  o f  t h i s  r e s p o n s e ."  I n  a  l a t e r  s tu d y ,  Quay (1 967 ) fo u n d  
p in e a l  5-HT c o n c e n t r a t io n  o f  th e  a n im a ls  from  a  l i g h t e d  room t o  be 
s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  o f  a n im a ls  from  a  d a rk e n e d  room  and  
co n c lu d ed  t h a t  p i n e a l  5-HT c o n c e n t r a t io n  was e f f e c t e d  p r i m a r i l y  by  
e n v iro n m e n ta l  i l l u m i n a t i o n ,  b e c a u se  a n im a ls  from  th e  l i g h t e d  room had 
c o n tin u e d  t h e i r  a f t e r n o o n  upw ard t r e n d s . HIOMT a c t i v i t y  d id  n o t  seem 
to  be s i g n i f i c a n t l y  m o d if ie d  by l i g h t .  T h u s , th e  m acaque a p p e a r s  to  
d i f f e r  s i g n i f i c a n t l y  from  p r e v io u s ly  s tu d ie d  v e r t e b r a t e s .
H a r b e r t ,  C o r n e l l ,  an d  T h o rn to n  (1970) w ere i n t e r e s t e d  in  
a n o th e r  ty p e  o f  d i u r n a l  v a r i a t i o n .  U sing  f o u r  n o n p re g n a n t r h e s u s  
monkeys w i th  docum en ted  r e g u l a r  m e n s t r a l  c y c l e s ,  th e y  found t h a t
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6d i u r n a l  v a r i a t i o n  i n  th e  a v e ra g e  i n t r a u t e r i n e  p r e s s u r e  and  i n  th e  
a v e ra g e  f re q u e n c y  was p r e s e n t .  U te r in e  a c t i v i t y  was lo w e s t  betw een 
0100 and 0400 h o u rs  and h ig h e s t  be tw een  1400 and 1700 h o u r s .  The peak  
o f  u t e r i n e  a c t i v i t y  c o in c id e d  w i th  th e  peak  o f  c o re  te m p e r a tu r e .
A c t i v i t y  c y c le s  i n  nonhuman p r im a te s  a l s o  commonly e x h ib i t  
c i r c a d i a n  p e r i o d i c i t y .  K avanau (1 9 7 1 ) , w h ile  s tu d y in g  th e  a c t i v i t y  
c y c le s  o f  s e v e r a l  s m a ll  mammals, b u i l t  a l a r g e  a c t i v i t y  w h ee l and ob­
s e rv e d  th e  a c t i v i t y  c y c le  o f  th e  p i g - t a i l e d  m acaque (M. n e m e s t r in a ) . 
The a n im a l d e m o n s tra te d  a  d iu r n a l  c y c le  w i th  a c t i v i t y  e x te n d e d  over 
m ost o f  th e  d a y . The g r e a t e s t  am ount o f  a c t i v i t y  o c c u r r e d  d u r in g  th e  
dawn and p o s t-d a w n  h o u r s ,  w ith  th e  a n im a l n a p p in g  d u r in g  th e  m idday. 
The p e r c e n t  o f  t o t a l  a c t i v i t y  was d i s t r i b u t e d  w i th  86% d u r in g  th e  d a y , 
5% d u r in g  th e  n i g h t ,  and 9% d u r in g  th e  t w i l i g h t s .  The te n d e n c y  o f  
i n a c t i v i t y  a ro u n d  m idday  i s  c h a r a c t e r i s t i c  o f  m acaques i n  th e  w ild  
when food  i s  r e a d i l y  a v a i l a b l e  (S o u th w ic k , B eg, and  S id d iq u e ,  1965; 
S im onds, 1 9 6 5 ) . The ceb u s monkey on a 12L:12D c y c le  shows a c t i v i t y  
p a t t e r n s  a t  a p p ro x im a te ly  th e  same h o u rs  a s  th e  m acaque (W in g e t, 
u s in g  caged  c h im p a n z e e s , found h e ig h te n e d  b a r - p r e s s i n g  a c t i v i t y  a round  
0700 h o u rs  w i th  a lo w er peak  a ro u n d  1600 h o u r s .  A c t i v i t y  was low ered 
a t  a b o u t 1800 h o u r s .  I n  a l l  o f  t h e  p r e v io u s ly  m e n tio n e d  s t u d i e s ,  th e  
r e g u l a r  p h o to p e r io d  i n  a  th e r m a l ly  n e u t r a l  e n v iro n m e n t a p p e a re d  t o  be 
th e  p r im a ry  p h a se  s e t t e r  o f  a c t i v i t y .
The e x i s t e n c e  o f  c i r c a d i a n  rhy thm s have a l s o  b e e n  e s ta b l i s h e d  
i n  th e  f e e d in g  b e h a v io r  o f  l a b o r a to r y  m onkeys. R o h le s ,  R e y n o ld s , and 
G runzke (1 9 6 3 ) t r a i n e d  th r e e  ch im panzees to  l e v e r - p r e s s  f o r  food o r
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7w a t e r .  On t h i s  t a s k ,  when th e  a n im a l p r e s s e d  a l e v e r  f i f t y  t im e s  
y e llo w  and g re e n  l i g h t s  w ere i l l u m i n a te d  o v e r  two a d d i t i o n a l  l e v e r s .
I f  th e  l e v e r  u n d e r th e  y e llo w  l i g h t  w as p r e s s e d ,  th e  a n im a l was rew arded  
w i th  fo o d , b u t i f  th e  l e v e r  by th e  g r e e n  l i g h t  was p r e s s e d ,  th e  r e i n ­
fo rc e m e n t was w a te r .  D u rin g  a  30 d ay  p e r i o d ,  th e  a n im a ls  c o u ld  p e rfo rm  
when th e y  d e s i r e d .  R e s u l t s  showed t h a t  two o f  th e  th r e e  a n im a ls  
d e v e lo p e d  e a t i n g  and d r in k in g  s c h e d u le s  w i th  c i r c a d i a n  p e r i o d i c i t y  
u n d e r  c o n tin u o u s  l i g h t i n g .  L evere  (1 9 6 7 b ) t r a i n e d  a  p i g - t a i l e d  
m acaque on a  f i x e d - r a t i o  r e in f o rc e m e n t  s c h e d u le .  A lthough  th a  a n im a l 
was i s o l a t e d  w i th  e n t r a i n i n g  v a r i a b l e s  m in im iz e d , th e  f re q u e n c y  o f  
l e v e r - p r e s s i n g  e x h ib i t e d  a  2 3 -h o u r  p e r i o d .  F i n a l l y ,  R o h les  (1 9 6 7 ) , in  
a w e l l  c o n t r o l l e d  s i t u a t i o n ,  showed t h a t  a n im a ls  w hich w ere t r a i n e d  to  
b a r - p r e s s  f o r  food  d e v e lo p e d  c l e a r l y  d e f in e d  w ork c y c le s ,  w i th  th e  
m a j o r i t y  o f  b a r - p r e s s in g  o c c u r r in g  a t  0800 and few b a r - p r e s s e s  o c c u r r in g  
b e tw een  1600 and 0400. B ecause  l i g h t i n g  was c o n tin u o u s ,  th e  s tu d y  
d e m o n s tra te d  f r e e - r u n n in g  b e h a v io r a l  rh y th m s i n  th e  f e e d in g  b e h a v io r  
o f  th e  l a b o r a to r y  m onkey.
P r im a to lo g i s t s  have  p ro v id e d  t h e  b e g in n in g  o f  th e  c i r c a d i a n  
a s p e c t s  o f  s o c i a l  b e h a v io r  w i th  f i e l d  s t u d i e s  w hich  s u g g e s t  a  c h a r a c t e r ­
i s t i c  p a t t e r n  th ro u g h  th e  d a y . I t  c o n s i s t s  o f  a  m orning  fe e d in g  and  
s o c i a l i z i n g  p e r io d ,  a  m idday  r e s t  p e r i o d ,  and a  second a c t i v e  p e r io d  in  
th e  a f t e r n o o n .  T h is  p a t t e r n  h a s  b e e n  r e p o r t e d  f o r  h o w le r m onkeys, r e d ­
t a i l e d  m onkeys, g ib b o n s ,  c h im p a n z e e s , an d  g o r i l l a s  (Mason and R io p e l l e ,  
1 9 6 4 ) . The e x p e r im e n ta l  s t u d i e s  i n  t h i s  a r e a  a r e  a lm o s t n o n e x i s t e n t .  
T hach  (1 9 6 9 ) , u s in g  tw o p r e a d o le s c e n t  b a b o o n s , e s t a b l i s h e d  t h e i r
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8c o n tin u a n c e  o f  a c o h e re n t  p a t t e r n  o f  24 hou r p e r i o d i c i t y  i n  s o c i a l  
b e h a v io r  u n d e r l a b o r a to r y  c o n d i t io n s  o f  c o n tin u o u s  l i g h t i n g .  T h is  
f in d in g  s u g g e s te d  th e  o p e r a t io n  o f  some b a s ic  endogenous f a c t o r s  o r  
s o c i a l  e n tra in m e n t  n o t r e q u i r i n g  l i g h t  c y c l in g  i n  th e  d e te r m in a t io n  o f  
t h e i r  b e h a v io r a l  p a t t e r n .  I n  th e  same s tu d y ,  th e  a n im a ls  w ere  d e p r iv e d  
o f  s o c i a l  a c c e s s  and w ere  a llo w e d  e i t h e r  z e r o ,  f o u r ,  o r  e i g h t  h o u rs  o f  
c o n ta c t .  R e s u l ts  showed t h e  d e te r m in a t io n  o f  t h i s  p a t t e r n  t o  be 
in d e p e n d e n t o f  s o c i a l  d e p r i v a t i o n  o r any  p a r t i c u l a r  r e l a t i o n s h i p  w ith  
food  and w a te r  i n t a k e .  M ost s o c i a l i z i n g  o c c u rre d  i n  th e  m o rn in g  (0800) 
w ith  a n o th e r  peak  a ro u n d  1600 .
E n v iro n m e n ta l D e te rm in a n ts  o f  Rhythms 
The m ost f r e q u e n t l y  s tu d ie d  exogenous e n t r a in i n g  a g e n t  o f  
c i r c a d i a n  c y c le s  i s  th e  p h o to p e r io d .  L in d s le y  e t  a l .  (1962 ) r e a r e d  
two i n f a n t  m acaques i n  t o t a l  d a rk n e s s  and i s o l a t i o n  f o r  12 m o n th s . The 
i n f a n t s  w ere s e p a r a te d  from  t h e i r  m o th e rs  a t  t h r e e  w eeks. T e m p e ra tu re  
and h u m id ity  w ere h e ld  c o n s t a n t .  To p re v e n t  i r r e v e r s i b l e  d e g e n e r a t io n  
o f  r e t i n a l  g a n g lio n  c e l l s ,  and c o n s e q u e n tly  b l i n d n e s s ,  t h e  m onkeys 
w ere exposed  t o  one h o u r  o f  d i f f u s e ,  u n p a t te rn e d  l i g h t  p e r  d a y .
A c t iv i t y  was u sed  a s  th e  d e p e n d e n t m ea su re . By s h i f t i n g  th e  t im e  o f  
day  f o r  th e  l i g h t  e x p o s u re ,  i t  was found t h a t  th e  m onkeys c h an g ed  t h e i r  
a c t i v i t y  se q u en c e s  t o  a n c h o r  on th e  p e r io d s  o f  l i g h t  e x p o s u r e . The 
a c t i v i t y  r e c o r d s  showed a  g r a d u a l  t r a n s i t i o n  from  one s t a b l e  p a t t e r n  
o f  a c t i v i t y  t o  a n o th e r  o v e r  a  p e r io d  o f  th r e e  t o  f iv e  w eeks fo llo w in g  
a  s h i f t  i n  th e  l i g h t  e x p o s u re  s c h e d u le .  L in d s le y  e t  a l .  (1 964 ) 
r e p l i c a t e d  th e s e  r e s u l t s  an d  found  t h a t  s h i f t i n g  f e e d in g  c y c le s  had no
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9e f f e c t  on t h e  a c t i v i t y  c y c le .  H ow ever, s p l i t t i n g  l i g h t  p e r io d s  i n t o  
tw o h a l f - h o u r  p e r io d s  w ith  a r e s u l t i n g  b im o d a l d i s t r i b u t i o n  o f  a c t i v i t y  
seem ed t o  c o n f irm  th e  f a c t  t h a t  l i g h t  was t h e  im p o r ta n t  p a ra m e te r  i n  
c o n t r o l l i n g  a c t i v i t y  p e r io d s  i n  th e s e  lo n g  te rm  l i g h t  d e p r iv e d  a n im a ls .
A h ig h  d e g re e  o f  p h o to p e r io d ic  d ep en d en cy  i n  rh e s u s  m onkeys 
was a l s o  fo u n d  by H auty  and Y e l l i n  (1 9 7 0 ) . Monkeys w ere s u b je c te d  t o  
t h r e e  s u c c e s s iv e  L:D s c h e d u le s  (1 2 :1 2 , 6 :1 8 ,  and 1 8 :6 ) .  E s s e n t i a l l y  
th e  same d e g re e  o f  p h o to p e r io d ic  d ep endency  m a n if e s te d  u n d e r  th e  12 :12  
s c h e d u le  was d e m o n s tra te d  u n d e r th e  18 :6  s c h e d u le ,  i n  t h a t  th e  o n s e t  
and c e s s a t i o n  o f  a c t i v i t y  c lo s e l y  fo llo w e d  th e  o n s e t  and t e r m in a t io n  
o f  th e  p e r io d  o f  l i g h t .  A c o n s id e r a b ly  l e s s e r  d e g re e  o f  p h o to p e r io d ic  
d ep en d en cy  o c c u r r e d  u n d e r th e  6 :1 8  s c h e d u le .  H e re , th e  o n s e t  o f  
a c t i v i t y  p r e c e e d e d  th e  o n se t o f  i l l u m i n a t i o n  by t h r e e  t o  f o u r  h o u r s .
I t  was i n t e r e s t i n g  t o  n o te  t h a t  d i f f e r e n c e s  i n  h a b i t u a t i o n  t im e  w ere  
o b s e rv e d . S t a b l e  d a i l y  c u rv e s  w ere o b ta in e d  w i t h in  tw o t o  th r e e  
d a y s  fo l lo w in g  th e  s h i f t  t o  th e  6 :1 8  s c h e d u le ,  two t o  t h r e e  w eeks 
fo l lo w in g  t h e  s h i f t  t o  th e  18:6 s c h e d u le ,  and two t o  th r e e  d ay s  
fo llo w in g  th e  s h i f t  b ack  t o  th e  12 :12  s c h e d u le .  A s im i l a r  d ep en d en cy  
t o  a  p h o to p e r io d  was found  by W in g e t, D eR o sh ia , an d  H e th e r in g to n  (1 969 ) 
who i s o l a t e d  a n im a ls  i n  a  so u n d -p ro o f  e n v iro n m e n t. A f te r  l i g h t - d a r k  
c y c le s  w ere r e v e r s e d ,  o n ly  e ig h t  days w ere  r e q u i r e d  f o r  t h e  d e e p -b o d y  
te m p e ra tu re  rh y th m  t o  p h ase  s h i f t  i n  r e s p o n s e  t o  t h e  r e v e r s a l .
A n a ly s is  o f  d e e p -b o d y  te m p e ra tu re  w ave-fo rra  l e v e l  c r o s s in g s  i n d i c a t e d  
t h a t  d i f f e r e n t  l e v e l s  s h i f t e d  a t  d i f f e r e n t  t im e s .  I n  r e s p o n s e  t o  a
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p h o to p e r io d  w h ic h  w as g r a d u a l ly  a l t e r e d  by e x te n s io n  o f  th e  l i g h t  
p h a s e ,  lo c o m o to r  a c t i v i t y  d e s y n c h ro n iz e d  and r e s y n c h r o n iz e d  t o  th e  
ch a n g in g  p h o to p e r io d .
R o h le s  (1970 ) was i n t e r e s t e d  i n  th e  e f f e c t s  o f  12 h o u r  p h ase  
s h i f t s  o f  f e e d in g  b e h a v io r  and  p e rfo rm a n c e  on a l e a r n in g  t a s k .  A 
12L:12D p h o to p e r io d  was a d v an ced  by 12 h o u rs  a f t e r  28 days o f  a c q u i s i ­
t i o n  and  b a c k  t o  th e  o r i g i n a l  c y c le  a f t e r  th e  n e x t  28 d a y s . He found 
t h a t  a  r e v e r s a l  i n  th e  p h o to p e r io d  r e s u l t e d  i n  d e c re m e n ts  i n  th e  
s ta n d a r d  p e rfo rm a n c e  on th e  t h i r d  and  f o u r t h  d a y s  f o l lo w in g  th e  i n i t i a l  
s h i f t  and on th e  second  d ay  a f t e r  th e  r e t u r n  s h i f t .  He e x p la in e d  
th e s e  r e s u l t s  i n  te rm s  o f  p h o to p e r io d  lo a d in g .  F o llo w in g  a  1 2 -h o u r 
p h ase  s h i f t  i n  a  " W e s te rn ly  d i r e c t i o n "  (Day 2 8 , l i g h t  24 h o u r s ) ,  
p e rfo rm a n c e  and  f e e d in g  b e h a v io r  t a k e s  lo n g e r  t o  r e e n t r a i n  t o  a  p r e v io u s  
l e v e l  o f  a c c u r a c y  th a n  a  1 2 -h o u r  p h a se  s h i f t  i n  a  " E a s t e r l y  d i r e c t i o n "  
(Day 5 8 , d a rk  24  h o u r s ) .  T hus " t r a v e l  i n  a  W e s te rn ly  d i r e c t i o n  i s  
m ore s t r e s s f u l  th a n  i t  i s  i n  a n  E a s te r n ly  r o u t e . "  I n  a m ore r e c e n t  
p a p e r ,  R o h le s  (1971a) found  t h a t  a f t e r  m u l t ip l e  ( d a r k - d a r k )  s h i f t s  
i n  th e  p h o to p e r io d  t h e r e  was a d e c re m e n t i n  th e  p e rfo rm a n c e  o f  a p r e v i ­
o u s ly  l e a r n e d  t a s k .  T h e re  w as a  r e d u c t io n  i n  fo o d  in ta k e  th ro u g h o u t  
th e  e n t i r e  s h i f t  ( d a r k - d a r k )  p e r io d  a n d  a n  in c r e a s e  i n  food  c o n su m p tio n  
d u r in g  th  ; p o s t - s h i f t  p e r io d .
A s h i f t  t o  c o n tin u o u s  l i g h t i n g  d o es  n o t  h av e  a s  d r a s t i c  an  
e f f e c t  on rh y th m ic  v a r i a t i o n  a s  s h i f t s  i n  th e  p h o to p e r io d  d o . D eep- 
body te m p e ra tu re  i s  r e l a t i v e l y  u n a f f e c te d  by c o n tin u o u s  l i g h t i n g  in  
th e  Cebus a l b i f o n s  (W in g e t, R ahlm ann, and  P a c e , 1 9 6 9 ) . T e rn e s  and
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F a r r e r  (1 9 6 6 ) found  t h a t  a n  a n im a l  e n t r a in e d  t o  a  12L:12D sc h e d u le  
showed a  d e s y n c h ro n iz e d  te m p e ra tu re  rh y th m  when changed  t o  c o n tin u o u s  
l i g h t .  H ow ever, t h i s  s tu d y  had  no  c o n t r o l  on f e e d in g  s c h e d u le s ,  and 
th e  a n im a ls  w ere  i n  f a c t  e n t r a in e d  t o  a  1500 f e e d in g  t im e .  D i f f e r e n t  
s c h e d u le s  o f  f e e d in g  and o f  e x p o s u re  t o  t h e  e x p e r im e n te r  have  e f f e c t s  
upon th e  form  and  a m p litu d e  o f  a c t i v i t y  c y c le s  o f  m onkeys. T o ta l  
a c t i v i t y  i s  g r e a t e r  u n d e r  v a r i a b l e  f e e d in g  c o n d i t io n s  th a n  u n d e r  th e  
f ix e d  f e e d in g  c o n d i t io n .  U nder tw o ad  l i b  f e e d in g  s c h e d u le s ,  th e  e x p e r ­
im e n te r  e n te r e d  th e  room on one o f  tw o s c h e d u le s ,  a f ix e d  v i s i t  or a 
v a r i a b l e  v i s i t .  F o r th e  fo rm e r  c o n d i t i o n ,  a c t i v i t y  peaked  a t  th e  same 
tim e  a s  i t  d id  u n d e r  th e  v a r i a b l e  c o n d i t i o n ,  b u t  th e  a c t i v i t y  l e v e l  was 
o n ly  o n e - q u a r te r  a s  l a r g e .
I s o l a t i o n  a l s o  a p p e a r s  t o  h ave  a n  e f f e c t  on rh y th m ic  v a r i a t i o n .  
E r ic k s o n  (1 960 ) found d e e p -b o d y  te m p e r a tu r e  rhy thm s t o  be re d u c e d  
when m onkeys w ere  moved t o  a p a r t  o f  th e  l a b o r a to r y  w here d i u r n a l  
n o i s e  w as a b s e n t  and  m onkeys w ere  d e p r iv e d  o f  s e n s o ry  s t i m u l i .
H am ilto n  (1 9 6 3 ) showed th e  same phenom enon when d i s t i n c t  h y p o th a la m ic  
te m p e ra tu re  rhy thm s w ere l e s s e n e d  when th e  a n im a ls  w ere i s o l a t e d .  How­
e v e r ,  a n im a ls  m a in ta in e d  i n  i s o l a t i o n  o v e r  a  p e r io d  o f  tim e  do show 
c i r c a d i a n  rh y th m s . L ev e re  (1 9 6 7 a) showed a  23 h o u r  te m p e ra tu re  rhythm  
f o r  a n  i s o l a t e d  p i g - t a i l e d  m acaque on c o n tin u o u s  l i g h t i n g .  S m ith  and 
W e k ste in  (1 969 ) r e p l i c a t e d  t h i s  e x p e r im e n t  show ing t h a t  th e  te m p e ra tu re  
s h i f t e d  from  one o f  24 h o u rs  t o  one o f  23 h o u rs  when the a n im a ls  were 
p la c e d  i n t o  i s o l a t i o n .
The am ount o f  l i g h t  d i f f e r e n t i a t i o n  r e q u i r e d  t o  e n t r a i n  rhythm s
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h a s  been  I n v e s t i g a t e d  i n  a n  e x p e rim e n t by G offm an, G eo rg e , an d  B arrow s 
(1 9 6 9 ) , who w ere  i n t e r e s t e d  in  th e  e f f i c i e n c y  o f  low l e v e l s  o f  i l l u m i n a ­
t i o n  a s  b io rh y th m  s y n c h ro n iz e r s .  They showed t h a t  a d a i l y  i l l u m i n a t i o n  
l e v e l  o f  a p p ro x im a te ly  6 f t - c  a l t e r n a t i n g  w i th  a p p ro x im a te ly  .06  f t - c  
n ig h t  i l l u m i n a t i o n  s e rv e d  a s  an  e f f e c t i v e  e n t r a in i n g  a g e n t  f o r  p i g ­
t a i l e d  m acaq u es. F a r r e r  and T e rn es  (1 9 6 9 ) , who h y p o th e s iz e d  t h a t  o v e r ­
a l l  l e v e l  o f  a c t i v i t y  w ould  in c r e a s e  a s  a f u n c t io n  o f  i n t e n s i t y  o f  
i l l u m i n a t i o n ,  h a d  t o  r e j e c t  t h e i r  h y p o th e s i s  when no d i f f e r e n c e s  w ere 
fo u n d . H ow ever, th e  rhy thm  was 2 3 .8  h o u rs  d u r in g  th e  1-Lux c o n d i t io n  
and 2 5 .1  h o u rs  d u r in g  th e  85-Lux c o n d i t io n .  M a r t in e z  (1972) c o n firm e d  
and e x te n d e d  t h e s e  r e s u l t s .  He found  t h a t  g r o s s  a c t i v i t y  and  th e  r a t i o  
o f  a c t i v e  t o  r e s t  t im e  d id  n o t v a ry  a s  a  f u n c t io n  o f  l i g h t  i n t e n s i t y .
The p e r io d  o f  t h e  a c t i v i t y  rhythm  in c r e a s e d  w i th  in c r e a s in g  i l l u m i n a ­
t i o n  and a  b e h a v io r a l  th r e s h o ld  was e v id e n t  a t  a b o u t 5 .0  f o o t  c a n d le s .
Social Determinants of Rhythms 
Although photoperiod is an effective exogenous entraining agent, 
there is evidence that others might be equally effective . When photo­
periodicity is ruled out as an entraining agent, and animals are per­
mitted to see each other, social entrainment can occur. The first 
study which suggested that synchronizers other than light and tempera­
ture could effect biological rhythms was that of Halberg, Visschers, 
and Bittner (1 9 5 4 ) . In a study using blinded and normal mice, they 
concluded that "non-photic stimuli" might be the dominant synchronizers 
of eosinophil behavior in blinded rats. In other words, they suggested 
that the sound made by activity of the normal animals enhanced the body
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a c t i v i t y  o f  th e  b l in d  s u b j e c t s .  I n  a n o th e r  s tu d y ,  M enaker and E s k in  
(1966) m a in ta in e d  h o u se  sp a rro w s  a t  a  c o n s ta n t  te m p e ra tu re  i n  c o n s ta n t  
l i g h t .  The b i r d s  w ere  e n t r a in e d  t o  f o u r  and  o n e - h a l f  h o u rs  o f  t a p e -  
r e c o rd e d  b i r d  so n g .
S o c ia l  v a r i a b l e s ,  i n  a d d i t i o n  t o  te m p e ra tu re  and  l ig h t ,  w ere 
d e m o n s tra te d  i n  th e  fe e d in g  b e h a v io r  o f  l a b o r a to r y  m onkeys a s  ex o g en o u s 
f a c t o r s  f o r  e n tr a in m e n t  o f  t h e  fe e d in g  sy s te m . Two r h e s u s  monkeys 
w ere t r a i n e d  on a f i x e d - r a t i o  l e v e r - p r e s s i n g  t a s k  an d  p la c e d  i n to  i s o ­
l a t i o n .  The p e rfo rm a n c e  c h a r a c t e r i s t i c s  o f  th e  two a n im a ls  w ere a lm o s t  
i d e n t i c a l ,  a l th o u g h  th e  p e a k s  w ere t h r e e  h o u rs  a p a r t  (R o h le s , 1 9 6 7 ). 
S o c ia l  e n tr a in m e n t ,  in s t e a d  o f  sound w h ich  was n o t  p r e s e n t ,  was s u g ­
g e s te d  a s  an  im p o r ta n t  v a r i a b l e  f o r  f u tu r e  s tu d y .  T h is  was f u r t h e r  
exam ined by  R o h le s  and O s b a ld is to n  (1 969 ) who h e ld  t e m p e r a tu r e ,  l i g h t ,  
and sound c o n s ta n t  and  s e p a r a t e l y  t r a i n e d  two m onkeys t o  p r e s s  a  b a r  
f o r  food  ( f i x e d - r a t i o  3 5 ) .  A f te r  45 d a y s ,  th e  a n im a ls  w ere  p la c e d  so  
th e y  c o u ld  see  and  h e a r  e a c h  o t h e r .  D u rin g  t h i s  p e r i o d ,  th e  f e e d in g  
rhy thm s o f  th e  a n im a ls  c o in c id e d .  S in c e  l i g h t  and te m p e ra tu re  w ere  h e ld  
c o n s ta n t ,  i t  w as c o n c lu d e d  t h a t  s o c i a l  e n tra in m e n t  was r e s p o n s ib le  f o r  
a l t e r i n g  th e  f e e d in g  rh y th m . I n  a  s i m i l a r  s tu d y ,  R o h le s  (1971b) p la c e d  
two m onkeys w here th e y  c o u ld  se e  and h e a r  e a c h  o t h e r .  They w ere 
rew ard ed  w ith  a  0 .1 5  gm food  p e l l e t  on a FR-35 r e in f o rc e m e n t  s c h e d u le .  
F o r t h e  n e x t  30 d a y s ,  one o f  th e  a n im a ls  was rew ard ed  w i th  a  0 .3 0  gm 
p e l l e t  f o r  th e  same t a s k ,  w h ile  th e  rew a rd  f o r  th e  o t h e r  a n im a l re m a in e d  
unchanged  a t  0 .1 5  gm. The monkey r e c e iv i n g  th e  0 .3 0  gm p e l l e t  a t e  th e  
same q u a n t i t y  o f  fo o d , b u t  b e c a u se  th e  p e l l e t  s i z e  w as g r e a t e r ,  i t  a t e
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few er p e l l e t s .  The o th e r  monkey fo llo w e d  s u i t  and  consumed few er o f  
th e  s m a l le r  p e l l e t s  th a n  i n  t h e  p r e v io u s  p e r i o d .  L a t e r  when b o th  
a n im a ls  w ere  rew a rd e d  w i th  0 .3 0  gm p e l l e t s ,  t h e  a n im a ls  a l s o  consumed 
th e  same num ber o f  p e l l e t s .  I t  w as a l s o  em p h asized  t h a t  b o th  a n im a ls  
a t e  a t  a p p ro x im a te ly  th e  same t im e .  T hach  (1 969 ) a l s o  found  t h a t  two 
baboons l i v i n g  w i th  c o n tin u o u s  l i g h t i n g  s o c i a l i z e d ,  d r a n k , an d  a t e  a t  
a p p ro x im a te ly  t h e  same t im e .
When Y e l l i n  (1971) a llo w e d  i n d i v i d u a l  m onkeys i n  a  c o lo n y  to  
r e g u l a t e  th e  l i g h t s  i n  a  room in d e p e n d e n t ly  o f  o th e r  m onkeys, m u tu a l 
e n tr a in m e n t  was o b s e rv e d . The c i r c a d i a n  f r e q u e n c ie s  became s im i l a r  
i n  a l l  t h e  s u b j e c t s .  In  90% o f  t h e  d a y s ,  i t  was one s u b je c t  who 
tu rn e d  on th e  l i g h t s  f o r  th e  m ain  a c t i v e  p e r i o d .  T h is  s u b je c t  was 
d e te rm in e d  t o  be t h e  m ost a g g r e s s iv e  o f  t h e  m onkeys. I n  an  u n p u b lis h e d  
s tu d y  ( F u s e l i e r ,  1 9 7 1 ), t r e n d s  w ere  found  w h ich  s u g g e s te d  t h a t  su b ­
o r d in a t e  fe m a le s  on c o n tin u o u s  l i g h t i n g  w ould  change t h e i r  f e e d in g  
and  d r in k in g  c y c le s  t o  c o in c id e  t o  t h a t  o f  a n  a lp h a  m ale  i n  a  few 
d a y s .
A s c h o f f  (1 971 ) k e p t  t h r e e  g r o u p s ,  e a c h  com posed o f  tw o human 
s u b j e c t s ,  i n  u n d e rg ro u n d  cham bers f i r s t ,  f o r  f o u r  days on a n  a r t i f i c i a l  
l i g h t - d a r k  c y c l e ,  and t h e r e a f t e r ,  f o r  f o u r  d a y s  i n  c o m p le te  d a rk n e s s .  
They l iv e d  on a r ig o r o u s  tim e  s c h e d u le  and  p e rfo rm e d  a v a r i e t y  o f  p sy ­
chom otor t e s t s .  U r i n a l y s i s  w ere p e rfo rm e d  an d  r e c t a l  te m p e ra tu re s  
w ere g iv e n .  No d i f f e r e n c e s  w ere  found  b e tw e en  th e  two s e c t i o n s  o f  th e  
e x p e r im e n t . S o c ia l  cues  a lo n e  seem ed t o  be s u f f i c i e n t  t o  e n t r a i n  
human c i r c a d i a n  rh y th m s .
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T h u s, e v id e n c e  i n d i c a t e s  t h a t  s o c i a l  i n t e r a c t i o n s  may be u se d  
a s  e n t r a in i n g  c u e s  f o r  t h e  e s ta b l i s h m e n t  o f  b e h a v io r a l  c i r c a d i a n  
rh y th m s . The r e l a t i o n s h i p  b e tw een  a n im a ls  who have  u se d  s o c i a l  c u e s  t o  
s y n c h ro n iz e  t h e i r  b e h a v io r a l  s c h e d u le s  h a s  n o t  b e e n  th o ro u g h ly  ex am in ed . 
R e s u l t s  by Y e l l i n  (1 9 7 1 ) and  by  F u s e l i e r  (1971) i n d i c a t e  t h a t  th e  m ost 
a g g r e s s iv e  a n d /o r  d o m in an t a n im a l i n  a  g ro u p  e s t a b l i s h e s  a rh y th m ic  
p a t t e r n  t h a t  i s  a d o p te d  by  th e  o th e r  members i n  th e  g ro u p . A c c o r d in g ly ,  
a n  im p o r ta n t  f a c t o r  i n  e n tr a in m e n t  i s  th e  dom inance s t a t u s  o f  th e  
a n im a ls .  T y p i c a l ly ,  i n  t h e  l a b o r a to r y  and  i n  th e  f i e l d ,  th e  l e a d e r  o f  
a  g ro u p  o f  m onkeys w i l l  be  a m a le . He i n i t i a t e s  and  t e r m in a te s  many 
o f  th e  d a i l y  a c t i v i t i e s .  A lth o u g h  fe m a le s  do have  a  dom inance s t a t u s ,  
i t  i s  th e  a d u l t  m ale  t h a t  t y p i c a l l y  le a d s  th e  t r o o p .
A n o th e r  v a r i a b l e  w h ich  h as  an  e f f e c t  on s t a t u s  i n  a  g ro u p  o f  
i n f a n t  m onkeys i s  a g e .  F o r ex a m p le , a  12-m o n th -o ld  m ale  w i l l  d o m in a te  
a  6 -m o n th -o ld  m a le . T h e r e f o r e ,  i f  s t a t u s  d e te rm in e s  e n t r a i n a b i l i t y ,  
fe m a le s  s h o u ld  e n t r a i n  on m a le s  o f  th e  same a g e ,  an d  y o unger a n im a ls  
sh o u ld  e n t r a i n  on o l d e r  a n im a ls .  T h is  e x p e r im e n t was d e s ig n e d  t o  
t e s t  t h i s  h y p o th e s i s .
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METHOD
G e n e ra l P ro c e d u re
Two g ro u p s  o f  a n im a ls  w ere  p la c e d  on d i f f e r e n t  p h o to p e r io d s .  
Then b o th  g ro u p s  o f  a n im a ls  w ere p la c e d  i n  th e  same room  on c o n t in u ­
ous l i g h t i n g .  B e h a v io ra l  m easu rem en ts  w ere  ta k e n  t o  d e te rm in e  w h e th e r  
o r  n o t  t h e  tw o  rh y th m ic  c y c le s  s y n c h ro n iz e d ,  a s  w e l l  a s  t o  d e te rm in e
w h e th e r  one o r  b o th  o f  th e  g ro u p s  changed  i t s  c y c l e .  A g ro u p  con­
s i s t i n g  o f  12 i n f a n t  rh e s u s  m onkeys u se d  i n  E x p e rim en t 1 an d  E xperim en t 
2 w ere  t e s t e d  i n  th e  e x p e r im e n ta l  room . A 12L:12D p h o to p e r io d  was 
u se d  f o r  5 d a y s  d u r in g  w hich  th e  c y c le  o f  a c t i v i t y  i n  th e  s t r a n g e  
en v iro n m en t w as d e te rm in e d .
E x p e rim en t 1
S u b je c ts
The s u b je c t s  w ere one g ro u p  o f  f i v e  rh e s u s  m a le s  and  one g roup  
o f  f i v e  r h e s u s  fe m a le s  ra n g in g  i n  age  from  6 m onths t o  15 m o n th s . A l l
o f  t h e  i n f a n t s  w ere  ta k e n  from  t h e  n u t r i t i o n  p r o j e c t  p r e s e n t l y  in
p r o g re s s  a t  L o u is ia n a  S t a te  U n i v e r s i t y .  The a n im a ls  a r e  s e p a r a te d  
from  t h e i r  m o th e rs  a t  b i r t h  and r e a r e d  i n  a  n u r s e r y  f a c i l i t y  on a 
s ta n d a r d  d i e t .  A l l  o f  th e  i n f a n t s  have had  a t  l e a s t  15 m in . s o c i a l  
e x p e r ie n c e  p e r  d a y , and th e y  c a n  a lw a y s  s e e  and h e a r  a t  l e a s t  one o th e r  
i n f a n t .  They have b een  s u b je c te d  t o  a  s e r i e s  o f  b e h a v io r a l  and p h y s io ­
l o g i c a l  t e s t s  a s  p a r t  o f  th e  p r o j e c t  w h ich  i s  s t i l l  i n  p r o g re s s  
( R i o p e l l e ,  1 9 7 2 ) .
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A p p a ra tu s
The n u r s e r y  home c a g e s  w ere wooden c a g e s  (6 0 .9 6  cm x 6 0 .9 6  cm 
x  9 1 .2 4  cm) p a in te d  w h i te .  A t r a n s p a r e n t  p a r t i t i o n  s e p a r a te d  p a i r s  
u n t i l  t h e y  w ere 170 d ay s  o f  a g e .
The e n t r a in i n g  c a g e s  w ere l a r g e  w ir e  mesh c a g es  (1 0 6 .6 8  cm x  
9 1 .4 4  cm x  6 8 .5 8  cm ). Food and w a te r  c o n ta in e r s  w ere  p la c e d  w here  th e y  
w ere  a v a i l a b l e  t o  th e  i n f a n t s .  The l i g h t  p e r io d s  w ere m a in ta in e d  by 
o v e rh e a d  f l o r e s c e n t  l i g h t i n g  f a c i l i t i e s .
The individual experimental cages were wire cages (6 0 .9 6  cm x 
6 0 .9 6  cm x 9 1 .2 4  cm) with metal food boxes and water bottles marked 
in 10 cc units. Light sources mounted under the cages were directed 
to photocells mounted above the cages. The photocell units and relay 
box were manufactured for this experiment by Benedict and Myrick, Inc. 
(Baton Rouge, Louisiana). These units were attached to an Esterline- 
Angus activity recorder and provided a continuous measure of activity.
Tw elve c a g e s  w ere p la c e d  on a  w ooden fram e (396 cm x 135 cm ).
The c a g e s  w ere  s e p a r a te d  i n t o  p a i r s  w i th  a wooden p a r t i t i o n ,  and th e
c a g e s  i n  e a c h  p a i r  w ere  3 0 .4 8  cm a p a r t .  Thus e a c h  a n im a l was a b le  t o  
s e e  and to u c h  one a n im a l i n  an  a d ja c e n t  ca g e  and h e a r  a l l  o f  th e  o th e r  
a n im a ls  i n  t h e  room . H ardw are c l o t h  was su sp en d ed  u n d e r th e  c a g e s .
The c o n tin u o u s  l i g h t i n g  was m a in ta in e d  by  o v e rh e a d  f l o r e s c e n t  l i g h t i n g  
f a c i l i t i e s .  T e m p era tu re  was c o n s ta n t  a t  a b o u t 75 d e g re e s .
Procedure
The a n im a ls  w ere d iv id e d  i n t o  f i v e  p a i r s .  Each p a i r  in c lu d e d
one m ale and  one fem ale  o f  a p p ro x im a te ly  th e  same a g e . The f i v e  m ale
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I n f a n t s  w ere  p la c e d  i n  th e  g roup  c a g e s  w i th  th e  f o l lo w in g  l i g h t - d a r k  
c y c le :  20 0 0 -0 8 0 0  l i g h t ;  0800-2000 d a rk .  T h is  e n t r a i n i n g  s c h e d u le  con­
t in u e d  f o r  15 d a y s .  Food and  w a te r  w ere p ro v id e d  ad  l i b .  A l l  cage 
c le a n in g  and  e x p e r im e n te r  a c t i v i t y  i n  th e  room to o k  p la c e  d u r in g  th e  
l i g h t  c y c le .  A t th e  same t im e , f iv e  fe m a le s  w ere p la c e d  i n  th e  g roup  
c a g e s  i n  a n o th e r  room w ith  th e  fo llo w in g  l i g h t - d a r k  c y c le :  0800-2000 
l i g h t ;  2 0 0 0 -0 8 0 0  d a r k .  E x p e r im e n te r  a c t i v i t y  to o k  p la c e  d u r in g  th e  
l i g h t  p h a se  o f  th e  c y c le ,  and food and w a te r  was p ro v id e d  ad  l i b .
A f t e r  15 d a y s ,  a t  0800 , a l l  th e  a n im a ls  w ere  p la c e d  i n  a n o th e r  room 
u n d e r  c o n tin u o u s  l i g h t i n g  in  i n d iv id u a l  c a g e s . E ach  p a i r , w h ich  i n ­
c lu d e d  a  m ale  and fem a le  o f  th e  same a g e , w as p la c e d  i n  a p a i r  o f  cages  
w i th  one a n im a l t o  a c a g e . A nim als i n  a p a i r  w ere a b le  t o  s e e  and 
to u c h  e a c h  o t h e r  and h e a r  a l l  o f  th e  te n  a n im a ls  i n  th e  o t h e r  p a i r s .
The a n im a ls  w ere  fe d  a t  0800, 1100, 1400, 1700 , 200 0 , 2 3 0 0 , 0200 , and 
0500 . H ow ever, t h e r e  was food and w a te r  a v a i l a b l e  a t  a l l  t im e s .
E ig h t  t im e s  a  day  f o r  5 days a t  th e  f e e d in g  t im e s ,  food  l e f t  i n  th e  
cage  was w e ig h e d , w a te r  d ru n k  was m e a su re d , and th e  r e c o r d e r  was 
c h e c k e d . The r e c o r d e r  was s e t  a t  a  speed  s o  t h a t  e a c h  s q u a re  on th e  
r e c o r d in g  c h a r t  m easu red  1 m in . o f  t im e . T o ta l  s q u a re s  c o n ta in in g  any 
a c t i v i t y  w ere  summed f o r  each  3 h r .  p e r io d  so  t h a t  t h e  d e p e n d e n t m easure 
f o r  a c t i v i t y  in c lu d e d  m in u te s  o f  a c t i v i t y  p e r  3 h r .  p e r i o d .
S t a t i s t i c a l  D e s ig n
A s p l i t - p l o t  i n  a  random ized  b lo c k  d e s ig n  was u se d  w i th  th e  
e f f e c t s  o f  s e x  a s  th e  m ain  f a c t o r  w i th  a 8 x  5 f a c t o r i a l  a rra n g e m e n t 
o f  t r e a tm e n ts  (8  t im e s  X 5 d a y s )  a s  th e  s p l i t - p l o t  ( s u b f a c t o r ) .
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E x p erim en t 2
Subj e c t s
The s u b j e c t s  w ere 12 i n f a n t  r h e s u s  m onkeys ra n g in g  i n  ag e  from  
6 m onths t o  15 m o n th s . S ix  o f  th e s e  w ere  m a le s  d iv id e d  i n t o  p a i r s .
Each p a i r  in c lu d e d  a n  o ld e r  i n f a n t  a p p ro x im a te ly  f i v e  m onths o ld e r  th a n  
th e  y o u n g e r a n im a l  i n  th e  p a i r .  The o t h e r  s i x  i n f a n t s  w ere fem a le s  
d iv id e d  i n t o  t h r e e  p a i r s .  Each p a i r  in c lu d e d  an  o ld e r  i n f a n t  a p p r o x i ­
m a te ly  f i v e  m o n th s  o ld e r  th a n  th e  y o u n g e r a n im a l i n  th e  p a i r .  The 
r e a r in g  p r o c e d u r e s  w ere  th e  same a s  th o s e  i n  E x p e rim en t 1 . N ine o f  
th e  a n im a ls  w e re  u se d  i n  E x p erim en t 1 .
Apparatus
The a p p a r a tu s  was i d e n t i c a l  t o  t h a t  u s e d  i n  E xperim en t 1. 
P ro c e d u re
The s e x  o f  t h e  a n im a ls  in  e a c h  p a i r  was th e  same and th e  a g e s  
o f  th e  a n im a ls  d i f f e r e d .  The l i g h t  c y c le  f o r  th e  o ld e r  a n im a ls  was 
2 0 00 -0800  l i g h t  and  0800-2000 d a rk .  The l i g h t  c y c le  f o r  th e  younger 
a n im a ls  w as r e v e r s e d .  A l l  e x p e r im e n ta l  an d  t e s t i n g  p ro c e d u re s  w ere 
i d e n t i c a l  to  t h o s e  i n  th e  f i r s t  e x p e r im e n t ,  e x c e p t  t h a t  food  and  w a te r  
w ere m easu red  a t  1100 , 1700, 2300 and  0 5 0 0 . The a n im a ls  w ere m o n ito re d  
in  p a i r s  w i th  a  c lo s e d  c i r c u i t  t e l e v i s i o n .
Statistical Design
A s p l i t - s p l i t - p l o t  was u sed  w here  s e x  was th e  m ain f a c t o r  w i th  
3 p a i r s / s e x .  Age (2 l e v e l s  o f  a g e )  was t h e  s p l i t  f a c t o r  w h ile  a  4 x 5
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f a c t o r i a l  a rra n g e m e n t o f  t r e a tm e n ts  a p p e a re d  a s  th e  s p l i t - s p l i t - p l o t  
so u rc e  (4  Tim es X 5 D a y s) .
E x p e rim en t 3
Subjects
The s u b je c t s  w ere e ig h t  J a v a  m onkeys (M. fa s c f tc u la r is ) . Four 
o f  th e  a n im a ls  w ere s e x u a l ly  m a tu re .  F o u r w ere  a p p ro x im a te ly  3 y e a r s  
o ld .  The a n im a ls  a r e  p a r t  o f  th e  c o lo n y  m a in ta in e d  a t  L o u is ia n a  S t a te  
U n iv e r s i ty .  The a n im a ls  w ere  d iv id e d  i n t o  p a i r s .  Each p a i r  in c lu d e d  
one m ale and one fem a le  o f  a p p ro x im a te ly  t h e  same a g e . I n  a l l  c a s e s ,  
th e  m ale was l a r g e r  th a n  th e  f e m a le .
Apparatus
The a p p a r a tu s  was i d e n t i c a l  t o  t h a t  u se d  i n  E x p e rim en ts  1 and 
2 e x c e p t t h a t  th e  h a rd w are  c l o t h  was rem oved from  u n d e rn e a th  t h e  c a g e s .
Procedure
The l i g h t  c y c le  f o r  th e  m ale s  was 2 0 0 0 -0 8 0 0 . The l i g h t  c y c le  
f o r  th e  fe m a le s  was r e v e r s e d .  A c t i v i t y  d a t a  was re c o rd e d  f o r  6 d a y s ,  
and food and w a te r  in ta k e  w as n o t  r e c o r d e d .  A l l  e x p e r im e n ta l  p r o c e ­
d u re s  w ere  i d e n t i c a l  t o  th o s e  u se d  i n  E x p e r im e n t 2 .
Statistical Design
The d e s ig n  was i d e n t i c a l  t o  t h a t  w h ic h  was used  i n  E x p e rim en t 1 .
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RESULTS
P h o to p e r io d  E n tra in m e n t
As a b a s i s  f o r  c o m p a riso n , th e  a c t i v i t y  c y c le s  o f  th e  i n f a n t  
monkeys w ere  d e te rm in e d  by  p la c in g  th e  a n im a ls  i n  th e  t e s t i n g  room 
w i th  a  12L:12D p h o to p e r io d .  The a c t i v i t y  i n  t h i s  s i t u a t i o n  was 
h ig h e s t  b e tw e en  0800 and 1100, and t h e r e  was no  e v id e n c e  o f  a b im o d a l 
a c t i v i t y  c u r v e .  U nder th e s e  c o n d i t io n s ,  t h e r e  was o n ly  one d e p r e s s io n  
o f  a c t i v i t y  d u r in g  th e  d a y , and  i t  b eg an  when th e  l i g h t s  w ere tu rn e d  
o f f  a t  2000 an d  ended  when th e  l i g h t s  w ere  tu r n e d  on a t  0800.
L e v e ls  o f  S ig n i f i c a n c e
I n  a l l  r e s u l t s  t h a t  f o l lo w , d a ta  a r e  s a id  t o  be " s i g n i f i c a n t "  
when th e  p r o b a b i l i t y  o f  e r r o n e o u s ly  r e j e c t i n g  th e  n u l l  h y p o th e s i s  i s  
l e s s  th a n  0 .0 5 ;  th e y  a r e  s a id  to  be " h ig h ly  s i g n i f i c a n t "  i f  th e  p ro b ­
a b i l i t y  i s  l e s s  th a n  0 .0 1 .  Summaries o f  th e  s t a t i s t i c a l  a n a ly s e s  
a p p e a r  i n  th e  A p p e n d ix .
E x p e rim en t 1^
When t h e  d i f f e r e n t  g ro u p s o f  t h i s  e x p e rim e n t w ere  p la c e d  on con­
t in u o u s  l i g h t i n g ,  t h e r e  was a n  o v e r a l l  s h i f t  i n  th e  a n t i c i p a t e d  p a t t e r n  
o f  a c t i v i t y  from  t h a t  p r e d i c te d  from  th e  p h o to p e r io d  d a t a .  D e f in i t e  
s y n c h r o n iz a t io n  b e tw een  th e  two se x e s  was n o t  a p p a re n t  ( F ig .  1 ) .  The 
p e a k  p o i n t s  o f  a c t i v i t y  o f  t h e  i n f a n t  m a le s  w ere d i f f e r e n t  from  th o s e  
o f  th e  fem a le  i n f a n t s .  The h ig h e s t  peak  o f  m ale a c t i v i t y  o c c u rre d
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be tw een  1100 and  1400 fo llo w e d  by a  m in o r p eak  b e tw een  2300 and  0 2 0 0 . 
A c t i v i t y  w as d e p re s s e d  be tw een  2000 and  2300 and be tw een  0500 and 
0800 . The f e m a le s ' p e a k s  o f  a c t i v i t y  w e re  be tw een  1100 and  1400 and  
be tw een  1700 and  0200 w i th  a  s l i g h t  d e p r e s s io n  be tw een  1400 and  1700 
and a  more e v id e n t  d e p r e s s io n  be tw een  0500 and 1100. The c y c le s  o f  
a c t i v i t y  had  a  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  f o r  th e  two s e x e s .  T h is  
was in d ic a te d  by th e  Sex x Time i n t e r a c t i o n .  O rth o g o n a l p o ly n o m ia l 
t e s t s  showed th e  fem ale  a c t i v i t y  a c r o s s  t im e  t o  have h ig h ly  s i g n i f i c a n t  
l i n e a r  and q u a d r a t i c  com ponen ts , i n d i c a t i n g  2 4 -h o u r  rh y th m s. The m ale  
a c t i v i t y  a c r o s s  tim e  had h ig h ly  s i g n i f i c a n t  l i n e a r  and q u a r t i c  com­
p o n e n ts ,  i n d i c a t i n g  two 1 2 -h o u r c y c le s .  The t r e n d s  w ere c o n s i s t e n t  
f o r  b o th  s e x e s  b e g in n in g  w i th  th e  f i r s t  d a y  and  e x te n d in g  a c r o s s  a l l  
d a y s ,  and t h i s  c o n s is te n c y  was i n d i c a t e d  by  th e  n o n s i g n i f i c a n t  Sex x 
Time x Day i n t e r a c t i o n .
The p e r io d s  o f  maximum food in t a k e  w ere a l s o  d i f f e r e n t  f o r  th e  
m ale and fem a le  i n f a n t s  ( F ig .  2 ) .  The m a le s  a t e  m ore p e l l e t s  b e tw e en  
1100 and 1400 and b e tw een  0200 and 0500 th a n  th e y  d id  a t  o th e r  t im e s ,  
w h ereas  th e  fe m a le s  a t e  m ax im a lly  b e tw een  1700 and  2000 . E x a m in a tio n  
o f  t h e  c y c le s  o f  e a t i n g  r e v e a le d  th e  fo o d  in ta k e  o f  th e  fe m a le s  i n ­
c r e a s e d  from  1100 t o  0500. I n  c o n t r a s t  fo o d  consum ption  o f  th e  m a le s  
f i r s t  in c r e a s e d  t o  1400, th e n  d e c re a s e d  t o  2300 and f i n a l l y  in c r e a s e d  
to  0800 . T h a t th e  a n im a ls  c o n s i s t e n t l y  a t e  a t  d i f f e r e n t  t im e s  was 
in d ic a te d  by  a h ig h ly  s i g n i f i c a n t  Sex x  Time i n t e r a c t i o n  and  a n o n s ig ­
n i f i c a n t  Sex x Time x  Day i n t e r a c t i o n .
T h ere  was a  d e s y n c h r o n iz a t io n  b e tw een  th e  m ale and  fem ale
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d r in k in g  c y c le s  ( F ig .  3 ) .  The w a te r  co n su m p tio n  o f  th e  fe m a le s  i n ­
c re a s e d  to  2300 and  th e n  d e c re a s e d  t o  0800 , w h e re a s  th e  m a le s  d ran k  
m ore b e tw een  1100 an d  1400, 2300 and  0200 , and 0500 and  0800 .
O th e r  r e s u l t s  i n d ic a te d  t h a t  t h e r e  w ere no  d i f f e r e n c e s  in  th e
o v e r a l l  e f f e c t s  o f  s e x ,  a l th o u g h  th e  fe m a le s  w ere  s l i g h t l y  more a c t i v e  
th a n  th e  m a le s .  The mean s c o re  o f  th e  m a le s  w as 95 m in . o f  a c t i v i t y  
f o r  a 3 - h r .  p e r i o d ,  w h ereas  t h a t  o f  th e  fe m a le s  w as 99 m in , o f  a c t i v i t y  
f o r  a 3 - h r .  p e r i o d .  The a n im a ls  w ere  a l s o  more a c t i v e  on th e  f i r s t  
d ay  o f  t e s t i n g  th a n  on th e  l a s t  f o u r ,  a s  i n d i c a t e d  by  a  h ig h ly  s i g ­
n i f i c a n t  Day e f f e c t .  The mean a c t i v i t y  on th e  f i r s t  day  was 120 m in. 
o v e r  a  3 - h r .  p e r i o d ,  b u t  o n ly  94 m in . p e r  3 - h r .  p e r io d  d u r in g  th e  l a s t  
f o u r  d a y s .  A s i g n i f i c a n t  Sex x Day i n t e r a c t i o n  i n d i c a t e d  t h a t  fem a les  
w ere  ev en  m ore a c t i v e  on th e  f i r s t  d a y  (X = 130 m in . p e r  3 h r . )  th a n  
w ere  th e  m a le s  (X = 110 m in . p e r  3 h r . ) .  The m a le s  d ra n k  m ore w a te r  
th a n  th e  fe m a le s  d i d ,  w i th  a  mean i n t a k e  o f  6 5 .5 7  c c  p e r  3 - h r .  p e r io d
v e r s u s  a m ean i n ta k e  o f  37 .23  cc  f o r  th e  f e m a le s .
Experiment 2
B oth  ag e  g ro u p s  s h i f t e d  t h e i r  a c t i v i t y  p a t t e r n s  from  th e  
p a t t e r n s  w h ich  w ere  e x p e c te d ,  a l th o u g h  t h e r e  was n o t  a  d e f i n i t e  sy n ­
c h r o n i z a t i o n  o f  th e  c y c l e s .  T here  w ere  i n d i c a t i o n s  o f  a  b im odal 
a c t i v i t y  p a t t e r n ,  o r  o f  two 1 2 - h r .  c y c l e s ,  f o r  b o th  ag e  g ro u p s  w ith  
p e a k s  o f  a c t i v i t y  o c c u r r in g  b e tw een  0800 and  1400 a n d  b e tw e en  2000 and 
0200 ( F ig .  4 ) .  The o ld e r  a n im a ls ' a c t i v i t y  a c r o s s  t im e  w as c o n s i s ­
t e n t l y  d i f f e r e n t  from  t h a t  o f  th e  y o u n g e r a n im a ls .  O r th o g o n a l com­
p a r i s o n s  i n d i c a t e d  t h e r e  was no  d i f f e r e n c e  b e tw een  t h e  p e a k  p o in ts  o f
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a c t i v i t y  b e tw e en  1100 and 1400 and b e tw een  2300 and 0200 f o r  th e  o ld e r  
a n im a ls ,  w h e re as  t h e  y o u n g e r a n im a ls  w ere s i g n i f i c a n t l y  m ore a c t i v e  
be tw een  2000 an d  2300 th a n  th e y  w ere be tw een  1100 a n d  1400 . The m ajo r 
d e p re s s io n  o f  a c t i v i t y  a v e ra g e d  a c r o s s  a g e s  was s i g n i f i c a n t l y  low er 
betw een  02 00 and  0500 th a n  i t  was b e tw een  1400 and 170 0 . However th e  
younger a n im a ls  w ere  l e s s  a c t i v e  b e tw een  0200 and  0500  th a n  th e  o ld e r  
a n im a ls ,  and th e  o ld e r  a n im a ls  w ere s i g n i f i c a n t l y  l e s s  a c t i v e  betw een 
1400 and  1700 th a n  th e  younger a n im a ls  w e re . The c y c l e s  o f  a c t i v i t y  
w ere d i f f e r e n t  f o r  th e  tw o age g ro u p s and  th e  d i f f e r e n c e s  w ere c o n s i s ­
t e n t  f o r  a l l  d a y s  a s  in d ic a te d  by th e  h ig h ly  s i g n i f i c a n t  Age x Time 
i n t e r a c t i o n  an d  by th e  n o n - s i g n i f i c a n t  Age x Time x  Day i n t e r a c t i o n .
The d i f f e r e n t  s e x e s  a l s o  e x h ib i t e d  d i f f e r e n t  c y c le s  w hich  w ere 
c o n s i s t e n t  a c r o s s  d i f f e r e n t  a g e s . The f e m a le s ' a c t i v i t y  peaked  betw een  
2000 an d  2 300 , w h i le  th e  m a le s 1 a c t i v i t y  was h i g h e s t  b e tw e en  1100 and 
1400 ( F ig .  5 ) .
The y o u n g e r  a n im a ls  and o ld e r  a n im a ls  a l s o  a t e  and d ra n k  a t  d i f ­
f e r e n t  t im e s .  The y o unger an im a ls  a t e  and d ra n k  m ore be tw een  1700 and 
2300, w h ereas  t h e  o ld e r  a n im a ls  a t e  m ore b e tw een  2300  and  0500 (F ig . 6 ) 
and d ra n k  m ore b e tw een  1000 and 1700 ( F ig .  7 ) .  A g a in  th e s e  d i f f e r ­
e n c es  w ere h i g h ly  s i g n i f i c a n t  and w ere  c o n s i s t e n t  a c r o s s  d a y s .
O th e r  r e s u l t s  o b ta in e d  in d ic a te d  t h a t  th e  a n im a ls  w ere more 
a c t i v e  on th e  f i r s t  day  i n  th e  e x p e r im e n ta l  a p p a r a tu s  w i th  a  mean 
a c t i v i t y  o f  1 0 3 .4  m in . p e r  3 - h r .  p e r io d  com pared t o  9 0 .4  m in . o f  
a c t i v i t y  p e r  3 - h r .  p e r io d  f o r  th e  l a s t  4 d a y s . The m a jo r  peaks o f 
a c t i v i t y  o c c u r r e d  b e tw een  2000 and 0200 and  b e tw een  0800 and 1400. The
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Fig. 7. Mean water intake by age across days: Experiment 2.
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o l d e r  a n im a ls  a t e  and d ra n k  s l i g h t l y  more th a n  th e  y o u n g e r a n im a ls . 
E x p e rim en t J3
B ecause  o f  m e c h a n ic a l  d i f f i c u l t i e s ,  o n ly  t h e  a c t i v i t y  d a ta  
c o l l e c t e d  on Days 1 , 4 ,  5 ,  and 6 w as a n a ly z e d . The p r im a ry  r e s u l t s  ob­
t a i n e d  i n d i c a t e d  t h a t  th e  m a jo r  p e a k  o f  a c t i v i t y  o f  b o th  m a le s  and 
fe m a le s  o c c u r r e d  betw een  20 0 0  and  2 300 . A s m a l le r  p e a k  o f  a c t i v i t y  
o c c u r r e d  b e tw e en  1400 and 1700 . The p eak  o f  a c t i v i t y  be tw een  2000 and 
2300 c o r re s p o n d e d  w ith  th e  a n t i c i p a t e d  rhythm  o f  th e  m ales ( F ig .  8 ) .  
T h ere  w e re ,  how ev er, c o n s i s t e n t  d i f f e r e n c e s  b e tw een  th e  m ale and  fem ale  
p a t t e r n  o f  a c t i v i t y  w hich w ere  a g a in  in d ic a te d  by  th e  h ig h ly  s i g n i f i ­
c a n t  Sex x  Time i n t e r a c t i o n  and  n o n s ig n i f i c a n t  Sex x  Time x  Day 
i n t e r a c t i o n .  The peak o f  a c t i v i t y  o f  th e  fe m a le s  w as h ig h e r  be tw een  
1400 and  1700 th a n  t h a t  o f  th e  m a le s ,  a l th o u g h  t h i s  d i f f e r e n c e  was n o t  
s i g n i f i c a n t .  The fe m a le s ' a c t i v i t y  was a l s o  lo w e r t h a n  th e  m ales  
b e tw e en  0500 and  0800. O r th o g o n a l  c o m p ariso n s  r e v e a le d  t h a t  t h e r e  was 
a  h i g h ly  s i g n i f i c a n t  d i f f e r e n c e  b e tw een  th e  a c t i v i t y  w h ich  o c c u rre d  
b e tw een  1400 an d  1700 and t h a t  w h ich  o c c u rre d  b e tw e en  2000 and 2300 w i th  
m ore a c t i v i t y  o c c u r r in g  a t  th e  l a t t e r  t im e . A ls o ,  t h e r e  was no  d i f f e r ­
en ce  b e tw e en  t h e  m ale and fe m a le  a c t i v i t y  a t  1700 o r  a t  2 300 . The 
s i g n i f i c a n t  Time x  Day i n t e r a c t i o n  s u g g e s te d  t h a t  p e rh a p s  th e  peak  o f  
a c t i v i t y  b e tw e en  1400 and 1700 w as d i s a p p e a r in g  ( F ig .  9 ) .
F u r th e r  r e s u l t s  i n d i c a t e d  t h a t  th e  a n im a ls  w ere  a g a in  more 
a c t i v e  on th e  f i r s t  day o f  th e  e x p e r im e n t (X = 9 7 .9 8  m in . p e r  3 - h r .  
p e r io d )  th a n  on Days 4 , 5 ,  and  6 (x  = 72 m in . p e r  3 - h r .  p e r i o d ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
(•u-fux u t )  AIIAIIOV NVaW































1100 1700 2300 0500 1100 1700 2300 0500 1100 1700 2300 0500
TIME
Fig. 9. Mean activity for Days 4, 5, and 6: Experiment 3.
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DISCUSSION
One o f  t h e  p u rp o s e s  o f  t h i s  i n v e s t i g a t i o n  was to  d e te r m in e  w h e th e r  
o r  n o t  a  s u b o r d in a te  a n im a l w ou ld  r e v e r s e  a  p r e v io u s ly  e n t r a in e d  c i r ­
c a d ia n  c y c le  and  w ould  s y n c h ro n iz e  i t  t o  a  d i f f e r e n t  c y c le  t h a t  b e lo n g e d  
t o  a  d o m in an t a n im a l when b o th  a n im a ls  w ere  p la c e d  to g e t h e r  on  c o n tin u o u s  
l i g h t i n g .  B ecau se  t y p i c a l l y  a  m a le  i s  d o m inan t o v e r  a  fe m a le  and  an  
o l d e r  a n im a l d o m in a n t o v e r  a  y o u n g e r  o n e , th e  e x p e r im e n ta l  p a i r s  w ere 
c h o se n  t o  c o n ta in  e i t h e r  one m a le  a n d  one  fem a le  o r  an  o l d e r  and younger 
a n im a l .  The a n im a ls  w h ich  w ere  e x p e c te d  to  be  d o m in an t i n  e a c h  c a s e  
w ere  p la c e d  on t h e  2000-0800  l i g h t ;  0800-2000  d a rk  c y c le  b e c a u s e  i t  was 
im p o r ta n t  t o  d e te rm in e  w h e th e r  o r  n o t  t h e  subdom inan t w as i n  f a c t  c h an g ­
in g  i t s  c y c le  o r  s im p ly  r e v e r t i n g  b a c k  t o  th e  0800-2000  l i g h t  c y c le  to  
w h ich  i t  h ad  b e e n  accu sto m ed  s i n c e  b i r t h .  The a n im a ls  w e re  p la c e d  in to  
t h e  e x p e r im e n ta l  room  a t  0800 so  t h a t  i f  th e y  e x h ib i t e d  a  0800-2000  
l i g h t  a c t i v i t y  c y c le  due t o  a  f i x a t i o n  on  th e  m oving t im e ,  i t  c o u l d n 't  
b e  e n t e r p r e t e d  a s  a  ch an g e  t o  t h e  d o m in a n t a n im a ls ' c y c l e .
From a l l  t h r e e  e x p e r im e n ts  i t  c o u ld  b e  d e te rm in e d  t h a t  t h e  l a r g e r  
o f  t h e  tw o a n im a ls  i n  e a c h  p a i r  a t e  and  d ra n k  m ore th a n  t h e  s m a l le r  
a n im a l ,  a s  w ould  b e  e x p e c te d .  The i n f a n t  fe m a le s  w ere  a l s o  s l i g h t l y  
m ore a c t i v e  th a n  t h e  m a le s  and  t h e  y o u n g e r  a n im a ls  m ore a c t i v e  th a n  
t h e  o l d e r  a n im a ls  s im p ly  b e c a u s e  t h e y  a r e  t y p i c a l l y  m ore e m o tio n a l  and 
l e s s  t o l e r a n t  o f  new s i t u a t i o n s .  A ls o  t h e  a n im a ls  w ere  s i g n i f i c a n t l y  
m ore a c t i v e  on t h e  f i r s t  d a y  i n  t h e  e x p e r im e n ta l  s e t t i n g  th a n  on th e  
l a s t  d a y s .  T h is  i s  t h e  c h a r a c t e r i s t i c  way in  w h ich  a n im a ls  b e h av e  in
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a s t r a n g e  e n v iro n m e n t. When th e y  w ere  p la c e d  i n  th e  new s i t u a t i o n ,  th e y  
e x h ib i te d  a  lo n g  b u r s t  o f  a c t i v i t y  c o n s i s t i n g  o f  e x p lo r a to r y  and s t e r e o ­
ty p e d  p a c in g  m ovem ents a l l  b ro u g h t  on by th e  h ig h  l e v e l  o f  e m o t io n a l i ty  
t h a t  a  new s i t u a t i o n  a r o u s e s .  Som etim es t h i s  e f f e c t  was e v e n  g r e a t e r  
f o r  th e  su b d o m in an t a n im a ls .
In  v iew  o f  some o f  th e  r e s u l t s  w hich  w i l l  be d i s c u s s e d  l a t e r ,  
a g roup  o f  i n f a n t s  was p la c e d  i n  t h e  e x p e r im e n ta l  s i t u a t i o n  and  
a c t i v i t y  was m o n ito re d  u n d e r a  f ix e d  p h o to p e r io d . I t  was d e te rm in e d  
t h a t  th e  a n im a ls  w ere m ost a c t i v e  i n  t h e  l i g h t  p h ase  o f  t h e i r  p h o to ­
p e r io d  and l e a s t  a c t i v e  i n  t h e  d a r k  p o r t i o n .  T h ere  was n o  i n d i c a t i o n  
o f  b im oda l p e r io d s  o f  a c t i v i t y  i n d i c a t i v e  o f  a 12- h r .  c y c l e .  The 
i n f a n t  e x p e r im e n ta l  g ro u p s  n e v e r  had  p e r io d s  o f  a c t i v i t y  w h ic h  w ere  a s  
low a s  th o s e  o f  t h e  c o n t r o l  g ro u p  d u r in g  t h e i r  n i g h t  c y c l e .
The m ost im p o r ta n t  r e s u l t s  i n  th e  s tu d y  w ere  th o s e  t h a t  i n d i ­
c a te d  t h a t  th e  a n im a ls  r e v e r s e d  t h e i r  a n t i c i p a t e d  a c t i v i t y  p a t t e r n s . 
A lth o u g h  th e  d i f f e r e i n g  c y c le s  w ere  n o t  s y n c h ro n iz e d , t h e r e  was 
e v id e n c e  w h ich  s u p p o r te d  th e  c o n c e p t o f  s o c i a l  e n t r a in m e n t .
I t  i s  m ost a p p r o p r i a t e  t o  d i s c u s s  f i r s t  th o s e  r e s u l t s  o b ta in e d  
in  E x p e rim en t 3 an d  t o  fo llo w  w i th  th o s e  o b ta in e d  w i th  t h e  rh e s u s  
i n f a n t s .  A lth o u g h  th e  s p e c ie s  u s e d  (M. f a s c i c u l a r i s 1) w as d i f f e r e n t  i n  
E x p e rim en t 3 th a n  th o s e  i n  th e  o t h e r  tw o s tu d i e s  (M. m u l a t t a ) ,  th e  two 
s p e c ie s  a r e  v e r y  c l o s e l y  r e l a t e d .  D i f f e r e n c e s  o b ta in e d  w e re  p ro b a b ly  
due t o  age  d i f f e r e n c e s . The J a v a  m onkeys u sed  w ere o l d e r  th a n  th e  
i n f a n t  r h e s u s .  F our o f  th e  m onkeys w ere  s e x u a l ly  m a tu r e .  The Ja v a s  
had b een  r e a r e d  w i th  t h e i r  m o th e rs  an d  p e e r s  and had b e e n  moved q u i te
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f r e q u e n t l y  i n t o  n o v e l  s i t u a t i o n s .  A p p a re n tly  t h e i r  l e v e l  o f  e m o tio n ­
a l i t y  was lo w e r  th a n  t h a t  o f  t h e  i n f a n t  r h e s u s .  V ideo  m o n ito r in g  a l s o  
r e v e a le d  t h a t  i n  e a c h  o f  th e  J a v a  p a i r s  i n  th e  e x p e r im e n ta l  s i t u a t i o n ,  
t h e r e  was a  c l e a r c u t  dom inance r e l a t i o n s h i p .  The fe m a le s  a p p r o p r i a t e ly  
p r e s e n te d  t h e i r  h in d q u a r t e r s  t o  th e  m a le s  and showed o th e r  o b v io u s  
b e h a v io r s  w h ic h  c h a r a c t e r i z e  su b d o m in an t a n im a ls .  The d a ta  r e f l e c t e d  
th e  dom inance o f  th e  m a le s .
P eak  a c t i v i t y  f o r  b o th  th e  m a le s  and th e  fem a le s  i n  t h i s  e x p e r i ­
m ent o c c u r r e d  b e tw een  2000 and 2 300 . ThiB p eak  was s i g n i f i c a n t l y  
h ig h e r  th a n  a n y  o t h e r  peak  o f  a c t i v i t y  and  c o rre sp o n d e d  w i th  w hat 
sh o u ld  have  b e e n  th e  peak  o f  a c t i v i t y  i n  th e  m a le s ' c y c le .  The e x p e r i ­
m e n te r  d id  n o t  e n t e r  th e  room u n t i l  2300  and s o  c o u ld  n o t  have  been  
r e s p o n s ib le  f o r  t h i s  b u r s t  o f  a c t i v i t y .  T here  was a n o th e r  p eak  o f  
a c t i v i t y  w h ic h  o c c u r r e d  be tw een  1400 and  1700. A lth o u g h  i t  was s i g ­
n i f i c a n t l y  lo w er th a n  th e  o th e r  p e a k , i t  d id  n o t  c o rre s p o n d  w ith  e i t h e r  
th e  m ale  o r  fem a le  e n tr a in m e n t  s c h e d u le . T here  i s  some e v id e n c e  t h a t  
on Day 6 t h i s  p e a k  o f  a c t i v i t y  was l e s s  p ronounced  th a n  on th e  o th e r  
d a y s  ( F ig .  9 ) .  As w i l l  be o b v io u s  from  th e  o th e r  e x p e r im e n ts ,  b o th  
a n im a ls  o f  e a c h  p a i r  ad o p t a t  l e a s t  some o f  th e  o th e r  a n im a ls ' i n i t i a l  
a c t i v i t y  p a t t e r n .  W hether one a n im a l  i s  w a tc h in g  th e  o t h e r  a n im a l o r  
one a n im a l i s  d i s t u r b in g  th e  o th e r  a n im a l  i s  im p o s s ib le  t o  d e te rm in e .
The lo w e s t  p o i n t  o f  a c t i v i t y  f o r  b o th  a n im a ls  was b e tw een  0500 and 0800 , 
b u t  th e  p e a k  w h ich  would have o c c u r r e d  had  th e  a n im a ls  a l s o  e n t r a in e d  
t o  a  0800 -2000  l i g h t  p h o to p e r io d  w as a b s e n t .  T h u s , i t  was co n c lu d ed  
t h a t  i n  t h i s  e x p e r im e n t ,  th e  fem a le  o f  e a c h  p o i . lT  w o  s c h a n g in g  h e r  c y c le
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t o  c o in c id e  w i th  t h a t  o f  th e  m a le . B ecause  p e a k s  d id  n o t  c o in c id e  
w i th  e x p e r im e n te r  a c t i v i t y  o r  w i th  th e  tim e  o f  change  from  th e  e n t r a i n ­
in g  room to  t h e  e x p e r im e n ta l  s i t u a t i o n ,  t h e s e  w ere  n o t  im p o r ta n t  
f a c t o r s  i n  t h i s  e x p e r im e n t . P e rh ap s  th e  ch ange  w as n o t  com p le te  and 
f u r t h e r  e x p e r im e n ta t io n  i s  p lan n e d  t o  t e s t  t h i s  h y p o th e s i s .  T h is  
phenomenon i s  u n d o u b te d ly  a  v e ry  com plex o n e .
In  th e  second  e x p e rim e n t th e  a n im a ls  d e m o n s tra te d  peaks o f  
a c t i v i t y  w h ich  c o rre sp o n d e d  b o th  w ith  an  a n t i c i p a t e d  a c t i v i t y  c y c le  and 
w i th  a r e v e r s e  o f  th e  a n t i c i p a t e d  c y c le .  The seco n d  e x p e rim e n t i n ­
c lu d e d  n in e  a n im a ls  w h ich  w ere ru n  i n  E x p e rim en t 1 . T h u s , th e  a n im a ls  
had  b e e n  i n  t h e  e x p e r im e n ta l  s e t t i n g  b e f o r e  and  th e y  had  l o s t  some o f  
t h e i r  i n i t i a l  f r i g h t .  I n  t h i s  e x p e rim e n t th e  e x p e r im e n te r  e n te r e d  th e  
room o n ly  f o u r  t im e s  a  day  a s  com pared to  e ig h t  t im e s  a day i n  E x p e r i ­
m ent 1 . B ecause  th e s e  a n im a ls  had been  h a n d le d  and  fe d  by hum ans, 
th e y  re sp o n d e d  v e ry  s t r o n g l y  t o  them . T h u s, th e  d i f f e r e n c e  be tw een  
th e  r e s u l t s  o f  th e  f i r s t  two e x p e rim e n ts  and  o f  E x p e rim en t 3 m igh t 
w e l l  have b e e n  due t o  th e  h ig h  l e v e l  o f  e m o t io n a l i t y  d i s p la y e d  by 
i n f a n t s  r e a r e d  i n  a n u r s e r y  s i t u a t i o n ,  and a l s o  t h e  h ig h e r  l e v e l  o f  
e m o t io n a l i t y  d is p la y e d  by i n f a n t s  i n  th e  p re s e n c e  o f  a  n o v e l s i t u a t i o n  
a s  com pared t o  th e  o ld e r  a n im a ls .
I n  t h i s  e x p e rim e n t th e  dom inant a n im a ls  w ere  th o u g h t t o  be th e  
o ld e r  a n im a ls . H ow ever, v id e o -m o n ito r in g  showed few dom inance d i s ­
p la y s  i n  many o f  th e  p a i r s .  I n  a  few c a s e s ,  t h e  o l d e r  a n im a ls  w ould 
e a r - f l i p  and s t a r e  a t  th e  y o u n g e r a n im a ls ,  b u t  t h e r e  w ere  no d i s p l a y s  
s i m i l a r  t o  th o s e  shown by th e  o ld e r  J a v a  m ac a q u e s. I t  i s  p ro b a b le
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t h a t  b e c a u se  o f  t h e i r  y o u th  and  b e c a u s e  th e y  c o u ld  n o t  have  p h y s ic a l  
c o n ta c t ,  t h e y  w ere u n a b le  t o  e s t a b l i s h  a s i g n i f i c a n t  dom inance r e l a ­
t i o n s h i p .
T h ere  w ere two m a jo r  p e a k s  o f  a c t i v i t y  in  e a c h  g ro u p ; th e  f i r s t  
b e tw een  0800 and  1400, and  th e  se c o n d  l a r g e r  peak  b e tw een  2000 and 
0200. F o r th e  younger a n im a ls ,  th e  p eak  betw een  2000  and  2300 was 
h ig h e r  th a n  t h e  peak  be tw een  0800 and  1400, i n d i c a t i n g  a p r im a ry  p e r io d  
o f  a c t i v i t y  w hich  c o in c id e d  w i th  t h a t  a n t i c i p a t e d  f o r  t h e  o ld e r  a n im a ls .  
F o r th e  o ld e r  a n im a ls  th e  two p e a k s  w ere o f  th e  same m a g n itu d e .
A lth o u g h  th e  p r im a ry  d e p r e s s io n  o f  a c t i v i t y  was lo w er b e tw een  0200 
and  0800 th a n  b e tw een  1400 and 1700 f o r  th e  younger a n im a ls ,  th e  two 
d e p r e s s io n s  w ere  th e  same f o r  th e  o l d e r  a n im a ls .  The p e r io d  o f 
a c t i v i t y  b e tw een  2000 and 0200 was i n t e r p r e t e d  a s  a change t o  th e  
a c t i v i t y  p a t t e r n  o f  th e  o ld e r  a n im a ls .  How ever, th e  p e r io d  o f  
a c t i v i t y  from  0800 and 1400 c o u ld  be i n t e r p r e t e d  i n  s e v e r a l  w ay s. The 
a c t i v i t y  c o rre sp o n d e d  w i th  th e  a c t i v i t y  c y c le  o f  t h e  f e m a le s ,  w i th  th e  
i n i t i a l  b u r s t  o f  a c t i v i t y  w h ich  accom pan ied  p lac e m e n t i n  th e  e x p e r i ­
m e n ta l  s i t u a t i o n ,  and w i th  th e  b e g in n in g  o f  th e  day  in  th e  l a b o r a to r y .  
A l l  o f  th e s e  began  a t  0800.
The a c t i v i t y  d a ta  s u g g e s t  t h a t  b o th  g ro u p s  o f  a n im a ls  m a in ta in e d  
t h e i r  i n t e r n a l  p r e v io u s ly  e n t r a in e d  rhy thm s and th e y  a l s o  re sp o n d e d  to  
th e  e x t e r n a l  p a t t e r n s  e x h ib i t e d  by th e  o th e r  a n im a ls  c r  t o  o th e r  e x ­
t e r n a l  c u e s .  A lthough  s y n c h r o n iz a t io n  was n o t c o m p le te , t h e r e  was 
e v id e n c e  o f  i t .  B oth  g ro u p s  o f  a n im a ls  w ere  o b v io u s ly  d e m o n s tra t in g  
b im odal p e a k s  o f  a c t i v i t y  more c h a r a c t e r i s t i c  o f  l i f e  i n  th e  w ild  th a n  
i n  th e  l a b o r a to r y .
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The e a t i n g  b e h a v io r  in d ic a te d  t h a t  w h i le  th e  o ld e r  a n im a ls  a t e  
a p p ro x im a te ly  th e  same am ount a t  a l l  t im e s  o f  d a y , th e  y o u n g e r a n im a ls  
a t e  m ore be tw een  2000  and  2 3 0 0 . W ate r c o n su m p tio n  f o r  th e  o l d e r  
a n im a ls  was g r e a t e s t  b e tw e en  1100 and  1700 , w h i le  th e  y o u n g e r a n im a ls  
d ra n k  m ore b e tw een  1700 and  2300 . No c l e a r c u t  c o m p ariso n s  c a n  be made 
be tw een  th e s e  d a ta  and  th e  a c t i v i t y  d a ta  b e c a u s e  t h e r e  a r e  o n ly  fo u r  
d a ta  p o in t s  f o r  e a c h  d a y . I n  t h i s  c a s e ,  th e  e x p e r im e n te r  s a c r i f i c e d  
th e s e  tw o m ea su res  o f  b e h a v io r  i n  o r d e r  t o  o b t a i n  m ore a c c u r a te  a c t i v ­
i t y  m e a s u re s , b e l i e v in g  t h a t  e ig h t  d i s t u r b a n c e s  a day  g r e a t l y  a f f e c t e d  
th e  d a ta  o b ta in e d  i n  E x p erim en t 1.
T hus, i t  was c o n c lu d e d  t h a t  i n  E x p e rim en t 2 ,  a l th o u g h  s y n ­
c h r o n iz a t io n  o f  rh y th m s was n o t  c o m p le te , t h e r e  was e v id e n c e  o f  b o th  
s o c i a l  e n tr a in m e n t  and  r e t e n t i o n  o f  o r i g i n a l  s c h e d u le .  E ach a g e  g ro u p , 
m a in ta in e d  t h e i r  e n t r a in e d  endogenous a c t i v i t y  c y c le  and a l s o  a d o p te d  
an  exogenous c y c le  cued  by th e  o th e r  a n im a l o f  th e  p a i r .  T h is  was 
n i c e l y  a c c o m p lish e d  by a d o p tin g  a  b im o d a l a c t i v i t y  p a t t e r n .  I t  seemed 
t h a t  th e  y o u n g er a n im a ls  w ere te n d in g  to w a rd  a  c y c le  o f  a c t i v i t y ,  food 
c o n su m p tio n  w h ich  c o in c id e d  to  th e  c y c le s  e n t r a in e d  upon t h e  o l d e r  
a n im a ls ,  w h ile  m a in ta in in g  a  s m a l le r  p e a k  o f  a c t i v i t y  t h a t  c o in c id e d  
w i th  t h e i r  own e n t r a in e d  c y c le .  The o l d e r  a n im a ls  w ere  e x h i b i t i n g  two 
i d e n t i c a l  a c t i v i t y  c y c le s  w h ich  c o in c id e d  b o th  w i th  t h e i r  own rhy thm  
and w i th  t h a t  o f  t h e  y o u n g e r a n im a ls .  I t  w ould  be n e c e s s a r y  t o  e x te n d  
th e  d ay s  o f  e x p e r im e n ta l  t e s t i n g  t o  d e te rm in e  i f  one o f  th e  p e a k s  o f  
a c t i v i t y  w ould d i s a p p e a r .  The o ld e r  a n im a ls  w ere  d r in k in g  i n  c o n c o r ­
d an ce  w i th  th e  y o u n g e r a n im a ls  c y c le s  and  v i c e - v e r s a ,  a l th o u g h  o n ly
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fo u r  m ea su rem e n ts  a  day  made i t  d i f f i c u l t  t o  d e te rm in e  th e  t r u e  t r e n d s  
o f  th e  d a t a .
D u rin g  th e  f i r s t  e x p e r im e n t ,  th e  a n im a ls  w ere  d i s tu r b e d  e ig h t  
t im e s  a  d a y . The r e a c t i o n  t o  e a c h  e n t r a n c e  o f  t h e  e x p e r im e n te r  was 
e x tre m e . I t  was a l s o  th e  f i r s t  tim e  many o f  t h e  a n im a ls  had been  i n  
t h i s  e n v iro n m e n t and th e y  w ere a r o u s e d .  The a n im a ls  cooed f r e q u e n t l y ,  
p a c e d , tu r n e d  s o m e rs a u l ts  and  g e n e r a l l y  showed i n d i c a t i o n s  o f  e x tre m e  
e m o t io n a l i t y .  The a c t i v i t y  o f  th e  fe m a le s  f i r s t  in c r e a s e d  from  0800 
to  0200 and  th e n  d e c re a s e d  u n t i l  0800 e x h i b i t i n g  a 2 4 - h r .  p e r io d .  The 
same g e n e r a l  t r e n d  was e v id e n t  i n  food  and w a te r  co n su m p tio n . The 
h ig h e s t  p e a k  o f  a c t i v i t y  was b e tw een  1700 and 020 0 , w h ich  had  n o t  b een  
in d i c a t e d  by th e  p re v io u s  e n tr a in m e n t  s c h e d u le .  T h e re  was a l s o  a 
peak  o f  a c t i v i t y  b e tw een  1100 and  1400. I t  i s  p o s s ib l e  a g a in  t h a t  th e  
fem ale  a d o p te d  a c y c le  o f  a c t i v i t y  w h ich  c o in c id e d  w i th  th e  m a le s .
The m a le s ,  showed a  p eak  o f  a c t i v i t y ,  food  c o n su m p tio n  and w a te r  c o n ­
sum ption  w i th  b im oda l p e a k s  o f  tw o 12- h r .  p e r i o d s .  The a c t i v i t y  d a t a ,  
a t  l e a s t ,  i n d i c a t e  th  t  th e  m ale s  w ere  r e v e r s in g  t h e i r  e n t r a in e d  
a c t i v i t y  c y c le s  w h ile  m a in ta in in g  a  l e s s o r  c y c le  w h ich  c o rre sp o n d e d  to  
t h e i r  p r e v io u s  s c h e d u le .  W hether t h i s  r e v e r s a l  was cau sed  by a  change 
to  th e  fe m a le  c y c le  o r  by a  s w itc h  b ack  t o  th e  o r i g i n a l  c y c le  i s ,  i n  
t h i s  c a s e ,  im p o s s ib le  t o  d e te r m in e .  The f a c t  t h a t  th e  fem a les  w ere 
a c t i v e  d u r in g  w hat sh o u ld  have  b e e n  t h e i r  p o in t  o f  l e a s t  a c t i v i t y  i s  
m ost l i k e l y  a  movement to w ard  a  d i f f e r e n t  c y c l e .  T here  was an  o b v io u s  
need  f o r  m ore tim e  in  th e  new e n v iro n m e n t.
Two m a jo r  c o r r e c t i o n s  s h o u ld  be made i n  an y  f u r t h e r  r e s e a r c h  o f
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t h i s  t y p e .  F i r s t ,  th e  e x p e r im e n ta l  t e s t i n g  tim e  sh o u ld  be le n g th e n e d . 
S econd , a  c o n t r o l  g ro u p  on c o n tin u o u s  l i g h t i n g  sh o u ld  be r u n .  P re v io u s  
l i t e r a t u r e ,  how ever, i n d i c a t e s  t h a t  a c t i v i t y  c y c le s  can  be m a in ta in e d  
on c o n tin u o u s  l i g h t i n g .
T h u s , in  c o n c lu s io n ,  E x p e rim en t 3 w i th  th e  o ld e r  a n im a ls ,  
p o in te d  t o  a d e f i n i t e  t r e n d  to w a rd  a  p eak  p o in t  o f  a c t i v i t y  w h ich  c o in ­
c id e d  w i th  t h a t  c y c le  w h ich  had p r e v io u s ly  been  e n t r a in e d  by  p h o to p e r io d  
on th e  d o m in a te  a n im a ls .  A lth o u g h  s y n c h r o n iz a t io n  was n o t  c o m p le te , 
t h e r e  was e v id e n c e  o f  a s h i f t  i n  th e  peak  p o in t s  o f  a c t i v i t y  o f  th e  
f e m a le s ' c y c le s  t o  c o in c id e  w i th  th e  m a le s ' c y c l e s .  I n  E x p e rim en t 2 , 
th e  yo u n g er a n im a ls  showed t h i s  same ty p e  o f  s h i f t  to  t h e  o ld e r  
a n im a ls ' c y c l e s ,  a l th o u g h  i n  t h i s  c a s e ,  th e r e  a p p e a r e d , f o r  b o th  g ro u p s  
o f  a n im a ls ,  t o  be an  endogenous c y c le  c o in c id in g  w i th  th e  o r i g i n a l  
c y c le  w h ich  was e n t r a in e d  by  a  p h o to p e r io d  and a n  exogenous c y c le  
c o in c id in g  w i th  t h a t  o f  th e  o th e r  g ro u p  o f  a n im a ls .  I n  E x p e rim en t 1, 
a l th o u g h  t h e r e  w ere t r e n d s  to w a rd  t h i s  ty p e  o f  a c t i v i t y  c y c l e ,  th e  
e v id e n c e  was n o t  c l e a r .  The p r im a ry  a c t i v i t y  p e a k s  o f  b o th  se x e s  w ere 
r e v e r s e d .  T h e re  was a l s o  no  e v id e n c e  i n  e i t h e r  o f  th e  e x p e r im e n ts  
in v o lv in g  th e  i n f a n t s  o f  a c l e a r l y  d e f in e d  dom inance o r d e r .
I n  summary, a l th o u g h  t h i s  s e r i e s  o f  e x p e r im e n ts  i n d i c a t e d  
t r e n d s  to w a rd  s y n c h r o n iz a t io n  o r  s o c i a l  e n tr a in m e n t  o f  c i r c a d i a n  
rh y th m s , th e  phenomenon i s  o b v io u s ly  a  com plex o n e . I n  t h e  c a se  w here 
t h e r e  was a d e f i n i t e  dom inance h i e r a r c h y ,  h o w ev er, th e  su b d o m in a te  
a n im a ls  seem ed t o  change t h e i r  c y c le s  t o  c o in c id e  w ith  th e  c y c le  o f  
th e  dom inan t a n im a l i n  th e  p a i r .
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TABLE 1
ANALYSIS OF VARIANCE OF ACTIVITY DATA: EXPERIMENT I
S ource d . f . MS F
P a i r 4 4 4 3 5 .3 5
Sex 1 1 3 8 3 .8 4
P a i r  X Sex = E r r o r ( a ) 4 3 8 1 4 .6 9
Time 7 5 4 9 0 .0 4 8 .7 9  **
Day 4 12935 .21 2 0 .7 0  **
Time X Day 28 4 2 6 1 .4 5 6 .8 2  **
Sex X Time 7 2 9 4 7 .2 5 4 .7 2  **
Sex X Day 4 2 0 4 2 .0 6 3 .2 7  *
Sex X Time X Day 28 2 6 7 .1 2
E r r o r  (b ) 312 6 2 4 .9 3
**  p <  .01
* p< .05
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TABLE 2
ANALYSIS OF VARIANCE FOR FOOD CONSUMPTION: EXPERIMENT I
Source d . f . MS F
Pair 4 10 .29
Sex 1 44 .22
Pair X Sex = Error (a) 4 2 6 .7 0
Time 7 2 2 .3 8 3 .5 3  **
Day 4 3 1 .1 3 4 .9 1  **
Time X Day 28 2 1 .2 4 3 .3 5  **
Sex X Time 7 2 3 .2 1 3 .6 6  **
Sex X Day 4 2 .6 6
Sex X Time X Day 28 8 .3 2
Error (b) 312 6 .3 4
** p <. .01
*  p< .05
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TABLE 3
ANALYSIS OF VARIANCE FOR WATER CONSUMPTION: EXPERIMENT I
S ource d . f . MS F
P a i r 4 11144.47
Sex 1 80372 .25
P a i r  X Sex = E r r o r  (a ) 4 11629.28
Time 7 5307 .28 4 .7 3  **
Day 4 5 507 .59 4 .9 6  **
Time X Day 28 3405.16 3 .0 6  **
Sex X Time 7 3201 .82 2 .8 8  **
Sex X Day 4 5700 .22 5 .1 3  **
Sex X Time X Day 28 22 3 2 .2 9
E r ro r  (b ) 312 1111 .23
** p .01
*  p< .05
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TABLE 4
SIGNIFICANCE LEVELS OF RESPONSE TESTS FOR SEX X TIME INTERACTION:
EXPERIMENT I
A c t i v i t y Food I n ta k e W ater I n ta k e
L in e a r .01 n . s . n . s .
Q u a d ra tic n . s . n . s . n . s .
M ales C ubic n . s . n . s . .01
Q u a r t ic .01 .05 n . s .
Q u in t ic n . s . n . s . .01
L in e a r .01 .01 n . s .
Q u a d ra t ic .01 n . s . .01
Fem ales C ubic n . s . n . s . n . s .
Q u a r t ic n . s . n . s . n . s .
Q u in t ic n . s . n . s . n . s .
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TABLE 5
ANALYSIS OF VARIANCE FOR ACTIVITY DATA; EXPERIMENT 2
S o u rce d . f . MS F
Sex 1 2 4 8 4 .3
P a i r ( S e x )  = E r r o r  (a ) 4 8 7 4 0 .8 7
Age 1 2 9 8 0 .0 3
Sex X Age 1 2 3 7 6 .3 0
P a i r ( S e x  X A ge)=  E r ro r (b )  8 5 8 6 2 .4 0
Time 7 " 3 1 4 7 4 .5 0 4 1 .5 8 **
Day 4 3 5 2 3 .5 9 4 .6 5 **
Time X Day 28 43 2 1 .4 2 5 .7 1 **
Sex X Time 7 3 5 8 2 .9 4 4 .7 3 **
Sex X Day 4 1984 .17 2 .6 2 *
Sex X Time X Day 28 9 3 4 .1 7
Age X Time 7 5 1 6 1 .5 7 6 .8 2 **
Age X Day 4 2 7 1 .5 9
Age X Time X Day 28 2 7 6 .6 2
Sex X Age X Time 7 6 9 1 .5 5
Sex X Age X Day 4 1 2 5 .6 3
Sex X Age X Time X Day 28 1 5 7 .0 4
E r r o r  ( c ) 308 7 5 6 .9 6
* *  p  4. .01 
*  p <  .0 5
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TABLE 6
ANALYSIS OF VARIANCE FOR FOOD CONSUMPTION: EXPERIMENT 2
S o u rce d . f . MS F
Sex 1 1 5 2 .0 0 1 5 .3 1  *
P a i r  (S ex) = E r r o r  ( a ) 4 9 .9 3
Age 1 2 4 .7 0
N:
Sex X Age 1 5 7 .0 4
P a i r  (Sex X Age) = E r r o r ( b )  8 3 8 .8 6
Time 3 1 1 4 .5 9 1 1 .3 9  **
Day 4 100 .82 1 0 .0 1  **
Time X Day 12 4 3 .5 4 4 .3 3  **
Sex X Time 3 1 2 .1 6
Sex X Day 4 4 ,8 0
Sex X Time X Day 12 1 0 .16
Age X Time 3 3 3 .5 7 3 .3 4  *
Age X Day 4 8 .8 3
Age X Time X Day 12 1 0 .2 0
Sex X Age X Time 3 1 1 .6 4
Sex X Age X Day 4 6 .8 9
Sex X Age X Time X Day 12 6 .4 4
E r r o r  ( c ) 148 1 0 .0 8
** p< .01
* p<  .05
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TABLE 7
ANALYSIS OF VARIANCE FOR WATER CONSUMPTION: EXPERIMENT 2
S o u rce  d . f .  MS F
Sex 1 45650.42
P a i r ( S e x ) = E r r o r ( a ) 4 11937.92
Age 1 326 .67
Sex X Age 1 44010.42
P a i r  (Sex  X A g e )= E rro r (b ) 8 17655.42
Time 3 10843.61
Day 4 1416.82
Time X Day 12 1527.38
Sex X Time 3 1279.58
Sex X Day 4 693 .38
Sex X Time X Day 12 3280.19
Age X Time 3 23095 .83
Age X Day 4 3217.55
Age X Time X Day 12 3022.83
Sex X Age X Time 3 165.69
Sex X Age X Day 4 1280.99
Sex X Age X Time X Day 12 1645.29
E r r o r  ( c ) 148 1766.47
** p< .01
*  p< .05
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TABLE 8
SIGNIFICANCE LEVELS OF RESPONSE TESTS FOR AGE X TIME INTERACTION:
EXPERIMENT 2
Activity Food Intake Water Intake
Linear .01 .05 .05
Quadratic n.s. n.s. n.s.
Older Cubic .01 n.s. .05
Quartic n.s. — ----------
Quintic .01 — ---------
Linear .01 .05 .05
Quadratic .01 .05 .05
Younger Cubic .01 .05 n.s.
Quartic .01 --------- ---------
Quintic .01 — - - — -  -
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TABLE 9
ANALYSIS OF VARIANCE FOR ACTIVITY DATA: EXPERIMENT 3
Source d . f . MS F
Pair 3 1719 9 .7 0
Sex 1 1 3 1 8 .6 0
Pair X Sex = Error (a) 3 10560.55
Time 7 19502 .08 1 8 .7 4  **
Day 3 1077 2 .9 0 1 0 .3 5  **
Time X Day 21 8 546 .35 8 .2 1  **
Sex X Time 7 3 1 8 0 .3 4 3 .0 6  **
Sex X Day 3 2 1 7 .7 8
Sex X Time X Day 21 3 8 6 .1 0
Error (b) 186 1040 .49
**  p i. .01
* p <  .05
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TABLE 10
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